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CANCELLATION OF THE 1945 FEDERATION ANNUAL MEETING 

Which was scheduled to be held in Cleveland 
May S,.9, 10, 1945 

Application, signed by the Federation Chairman and Secretary, was made to the War 
Committee on Conventions as created by the Director of War Mobilization and Recon- 
version James F. Byrnes, with approval of the President, for permission to hold the 1945 
Federation Annual Meeting, was made February 3, 1945. This permission was refused. 
On Februarj' 19, 1945 the Federation Secretary telegraphed the Secretaries of the Con- 
stituent Societies and the Chairman of the Cleveland Local Committee to this effect and 
on February 20, 1945 the Federation Secretary wrote the members of the E.vecutive Com- 
mittee in further explanation of the situation. 

Thus the Federation Annual Meeting has been cancelled for the third consecutive 5 'ear. 


THE AMERICAN PHYSIOLOGICAL SOCIETY 

Abstracts of papers presented for the annual meeting scheduled for Cleveland, May 8, 9, 
10, 1945. On account of the cancellation of this meeting, all the papers are to be re- 
garded as “read by title.” For possible correction in any of the abstracts see the next 
issue. 


Section of the corpus callosum in the monkey. 
H. W. Ades (introduced by George Baohmann) 
Emory University School of ifedicine. Effects of 
partial and complete section of the corpus callo- 
sum have been studied in five monkeys. The most 
characteristic result is an e.xtreme hesitancy of 
reaction, amounting almost to complete blocking 
at times. When analyzed more closely, the main 
factor seems to be an inability rapidly to coordi- 
nate movements of the two sides, so that if the ani- 
mal is compelled, for example, to make a response 
involving reaching with one hand, he tends to fall 
very slowly to the opposite side, occasionally com- 
pletely losing his balance. 

Callosal section in animals that liave recovered 
from bilateral motor area removals produces a 
much more profound, but qualitatively similar 
result. In cither case, compensation of effects of 
callosal section takes place very rapidly, so that 
within a week after operation it is difficult to de- 
fect any trace of tlie callosal syndrome. 

Dehydration produces intolerance to heat, 
E. F. AdoI/PIi. Dept, of Physiology, School of 
Medicine ond Dentistry, Unir. of Pochester, 
Rochester, N. Y. Mammals of 7 species were in- 
duced to lose water by vaporization during ex- 
posures to dry hot atmospheres such that the rectal 
temperature was ordinarily maintained below 40°C. 

After water equal to about 10 per cent of the body 
weight had been lost, the deep temperature might 
climb c.xplosively. If early withdrawn from the 
heat ; animals suffered no after-effects and might 
dehydrate still further. If the rectal temperature 
exceeded a critical v.aUio, peculiar to each species 


(41.7° to 43.5°), death promptly ensued. If with- 
drawn at the critical threshold, the animal might 
recover its water content and body temperature, 
but suddenly die without hyperthermia 2 to 26 
hours later (dog, rabbit, guinea pig, rat). Desert 
death was observed also in cat and mouse. 

Mouse and rat do not pant or sweat appreciably, 
and for S hours withstood only 38° dry-bulb. 
Guinea pig and rabbit withstood 43°. These four 
species drink little or no water when available 
during exposure to heat. Dog, cat and man toler- 
ated dry atmospheres above 53° for S hours even 
without water; dog for at least 32 hours with 
water. 

The explosive rise of deep temperature occurred 
at 10 to 17 per cent weight deficit in dog; occasion- 
ally at 5 to 10 per cent in man and other species. 
Further rapid dehydration could not be secured 
by exposure to heat. 

Evidence indicated that the lethal intolerance 
to heat during dehydration was not due to failure 
of panting or evaporation or heart. But circulation 
of blood was impaired peripherally until transport 
of heat to sites of cooling became inadequate. 
[IForfc done under contract with the Office of Scien- 
tific Research and Development .] 

The effects of blood flow and anoxia on the ac- 
tivity of spinal cardiovascular centers. ItoBEnr 
S. AnEX.WDEn (by invitation) and Robert F. 
PiTr.s. Dept, of Physiology, Cornclf Univ. Medical 
College, A'etr York, X. 1'. The spinal cardiovas- 
cular centers in the upper thoracic cord of the cat 
were acutely isolated from all sourcc.s of afferent 
impulses by a low cervical section of the spinal 
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cord, a mid-thoracic section of the cord and sym- 
pathetic trunks, and section of all dorsal roots 
between levels of cord transection. In these acute 
deafferent spinal preparations, the presence of 
some residual tonic sympathetic activity arising 
within the spinal cardiovascular centers was 
demonstrated directly by recording the activity 
in the inferior cardiac nerve. This tonic activity 
becomes minimal under conditions of optimal 
lung ventilation and is greatly stimulated by 
asphyxiation. The asphyxial stimulation can not 
be reproduced by hypercapnia in the presence of 
adequate oxygen, but is caused by anoxia which 
produces a marked increase in the tonic sympa- 
thetic activity. 

A rise in thoracic blood pressure produced by 
injections of adrenalin or pitressin or by sudden 
occlusion of the abdominal aorta depressed the 
tonic sympathetic activity in the deafferent spinal 
preparation. However, this inhibition could not be 
obtained unless there was adequate aeration of the 
blood in the lungs. This indicates that the rise in 
blood pressure inhibits activity by increasing 
blood flow and hence the oxygen supply to the 
spinal cardiovascular centers. 

In the normal animal the buffer reflexes control- 
ling cardiovascular sympathetic tone are un- 
doubtedly dominant to any direct action of anoxia 
on spinal cardiovascular centers, but it is sug- 
gested that the local oxygen tension may play a sub- 
sidiary r61e in determining the general excitatory 
state of these centers. 

A study of some respiratory characteristics of 
intermittent pressure breathing. Shannon C. 
Allen (by invitation) and Howard G. Swann. 
Aero Medical Laboratory, Air Technical Service 
Command, Wright Field, Dayton, 0. Several 
characteristics of respiration at ground level and 
-15,000 feet were examined, employing an inter- 
mittent pressure bre.athing valve (Bennett type) 
imposing a high inspiratory and relatively low 
cxi)iratory mask pressure with voluntary control 
of respiration. 

Oxygen saturation (Milliken oximeter) at 45,000 
feet averaged 90 per cent with the valve set to give 
a mask pressure of S.G inches (HjO) at the end of 
inspiration and 4.8 inches at the end of expiration. 
This value corresponds to one predicted at this 
altitude with S inches intra -pulmonary pressure 
only if alveolar pCO- is reduced to 25.5 mm. Hg. 
Artually a jiCO. of 30 mm. was found in samples 
taken at the end of expiration. 

Characteristics of respiratory pattern and mask 
pre.'^sure changc.s were measured with the optical 
llow-met or developed by the Physiological Branch, 
.\eru Medical Laboratory. These were found to be 
.‘iimilar at ground level and altitude but iiispira- 
t<iry mimite volume (andnent) wa.s approximately 
.Vt p.-r cent grea.ter than nornnal resting ventilation 
V. i'huiit prof-iure. 


Since it has been assumed that oxygen satura- 
tion is increased at extreme altitudes in direct 
relation to the added partial pressure of o.xygen 
imposed by pressure breathing, the actual amount 
of pressure exerted during the respiratory cycle 
with continuous and intermittent pressure breath- 
ing w'cre contrasted. Assuming a hypothetical con- 
dition in which the maximum observed mask pres- 
sure is imposed constantly throughout the cycle 
as an optimum pressure, continuous pressure 
breathing was found to exert 85 per cent of the 
hypothetical optimum pressure and intermittent 
pressure breathing only 65 per cent. 

Effect of auditory cortex lesions on correct 
conditioned auditory differential responses in 
dogs. William F. Allen. Dept, of Anatomy, 
Univ. of Oregon Medical School, Portland. Tun- 
turi has described 3 different areas in the sylvian 
and ectosylvian gyri of dogs for localization of 
pitch. A dorsal one is here designated as A, a ven- 
tral one B and a ventro-cephalic one C. The prob- 
lem is to determine the effects of destroying these 
areas on correct conditioned differential responses 
of the foreleg to two different sounds and to two 
different rates of the same sound. 

EesuUs: Deleting areas A, B, C, or B and C on 
both sides produced slight or no effect on either set 
of correct conditioned differential responses. Elim- 
inating areas A and B, bilaterally, disrupts some- 
where the usual mechanism for evoking cor- 
rect conditioned differential responses for either 
set of analysers to the extent that from 370 to 484 
tests were necessary before the first signs' of dif- 
ferential responses appeared with the two different 
sounds. Similar sound mechanisms were ultimately 
reestablished, possibly in area C. They functioned 
accurately, but possessed other features which 
were decidedly inferior. Bilateral destruction of 
areas A, B and C prevented in most dogs the 
reappearance of correct conditioned differential, 
responses with either set of analysers in over 1100 
tests for each dog, suggesting inability to form a 
new sound association mechanism. The first and 
chief effect noted from the lesions is one involving 
correct inhibition, inability to hold back foreleg 
flexion during a negative conditioned test. 

The objective evaluation of therapy in hemor- 
rhagic shock.^ J. B. Allison (by invitation), 
W. H. Cole (by invitation), W. W. Walcott (by 
invitation), S. Gelfan, W. S. Root and M. I. 
Gregersen. Dept, of Physiology, College of Physi- 
cians and Surgeons, Columbia Univ. The progres- 
sive changes which occur in unancsthclized dogs 
immediately after a single ma.ssivc hemorrhage 
(Walcott, 1945) and the effect of replacement ther- 
apy were studied. The following determina- 


> Thb work wna done under a contract, rccom mended hy the 
Coraraitteeon Medical Research, between IhoOfTice of Scientific 
Research anti Development and Columbia University. 
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lions were made : blood volume, hematocrit, serum 
protein, arterial blood pH, blood pressure, heart 
rate, venous and arterial urine phosphate. The 
BHCOs level was perhaps the most reliable single 
criterion of the condition of the animal during 
shock and of the effectiveness of therapj’. 

When their blood pressure had fallen to 25 mm. 
Hg or less (terminal stage) , 22 dogs were transfused 
with whole blood, 16 with plasma , and 4 with saline. 
In each instance the volume transfused was equal 
to the volume of blood removed. In these e.vperi- 
ments saline produced no permanent recovery. 
The effectiveness of whole blood and plasma re- 
placement varied with the condition of the animal 
at the time of transfusion. 

Our experience with hemorrhage and transfusion 
indicates that the significance of survival percent- 
age can be accurately evaluated only when the 
animal’s condition is estimated by the simultane- 
ous use of several of the criteria mentioned above. 
Indeed, it is possible by such means to follow the 
progressive development of shock and to measure 
the transitory or permanent recovery after trans- 
fusion. 

The projection of the retina on the superior 
colliculus of the cat.* Julia T. Apteii (introduced 
by Samuel A. Talbot). Wilmer Ophthalmological 
Inslilutc of the Johns Hopkins Hospital and Uni- 
versity, Baltimore, Md. The projection of the visual 
field or retina on the superior colliculus of 21 cats 
was investigated by means of an eloctrophysio- 
logical method whereb 3 ’ a 4.2° square of light was 
flashed for 10 msec, on a known position on the vis- 
ual field while action potentials evoked by this 
stimulation of the retina were picked up from 40 
points on the surface of each superior colliculus and 
recorded on a cathode ray oscillograph. The stim- 
ulus was moved and the potentials were again 
recorded. Each position of the spot stimulus in the 
. visual field of one cj’o evokes a maximal potential 
(one with shorter latencj’ and greater amplitude 
than anj’ others) on a single, unique position on 
one colliculus. A chart relating each position of 
maximal potential on the superior colliculus to the 
location of the spot stimulus in the visual field 
producing that potential shows that the visual field 
is projected sj'stcmatic.allj' on the surface of the 
superior colliculi. 

Ilomonj'mous half-fields arc projected on the 
conlralatcr.al superior colliculus, homonj’mous 
ix>ints in the fields being superimposed on the 
eolliculus. The vertical meridian is found at the 
anterior margin of the colliculi and lateral field 
points at the posterior margin. The upper field is 
projected medial to the lower field. Points in the 
visual field near the horizontal and vertical merid- 
ians arc projected to a widcrarea on the colliculus 
than are more peripheral points. 

' Till' in\T<iCTlion \i-ns aided liy n Knint from the John and 
Maty Marhlc romidation. 


Role of the dorsal spinal roots in reflex vaso- 
dilatation. L. M.vtthew N. Bach (introduced by 
H. S. Mayerson)'. Division of Physiology, Univ. 
of California Medical School, Berkeley. Previous 
evidence concerning the role of the dorsal spinal 
roots in reflex vasodilatation has been largelj' in- 
direct since it was obtained from sympathec- 
tomized animals. In the (complementari') experi- 
ments to be reported here, rhizotomized animals 
were used. 

Laminectomies were performed on cats, anes- 
thetizecl with minimal doses of delvinal or nem- 
butal, so as to expose the whole spinal cord, which 
was kept warm and moist at all times. All the dorsal 
roots (C4 to S3) were prepared so that simul- 
taneous, immediate, and total rhizotomies could be 
performed. Similarly all the ventral roots from CS 
to LI were prepared so that an immediate and total 
separation of the peripheral portion of the sj'mpa- 
thetic system from the central nervous sj'stem 
could be effected. 

In five such preparations, the blood pressure, 
recorded from the femoral arterj-, ranged from 
100 mm. to 150 mm. Hg. Depressor nerve stimu- 
lation (central end of the cut left vagus) evoked 
a decrease in blood pressure averaging 30 mm. Hg- 
Following total rhizotomies, the blood pressure 
rose to 180 mm. and stimulation of the depressor 
nerve failed to alter the blood pressure. Resection 
of the sympathetic outflow from the spinal cord 
caused a drop in blood pressure to around 100 mm. 
Hg. Stimulation of the depressor nerve again 
failed to cause anj' change in blood pressure. 

These results provide presumptive evidence that 
fibers of the dorsal spinal roots maj' provide an 
important vasodilator motor pathwaj" in the reflex 
arc of which the depressor neive is the afferent 
limb. 

Human centrifuge operation (motion picture).* 
E. J. Baldes and A. X. Portek (by invitation). 
Acceleration Laboratory, Mayo Aero Medical Unit, 
Rochester, Minn. The motion picture illustrates 
the principles and the mechanism involved in the 
operation of the human centrifuge at the Accelera- 
tion Laborator 3 -, Mayo Aero IMcdical Unit. The 
centrifuge has two essential parts : a superstructure 
or carriage and a pair of rotating flywheels. The 
superstructure and the fl 3 'whcels rotate in the 
horizontal plane about a common axis. The fl 3 '- 
wlieels are driven by a Chi^vsler automobile motor 
powered by natural gas. The rotating flywheels, 
which weigh approximately 20 tons apiece, pro- 
vide the cncrg 3 ' for the rapid development of 
accelerative forces in the superstructure. The 
superstructure is set in motion by clutching to the 
flvnvhcels and is brought to a standstill by dcclutch- 

>Work done under contracts with: (I) United States .truly 
Air Forces, Wricht Field, Dayton, Ohio, and (2) the OtEco of 
Scientific Research and Developmen ' ' ' earchCoun- 

cil, WashiiiRton, D. C. 
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non-visual imagery and high alpha (hallucinations 
of schizophrenics were not so correlated.) 

Permanent motor disabilities induced by suc- 
cessive exposures to oxygen at high pressures. 
(Moving picture.) John W. Bean and E. G. Sieg- 
fried (by invitation). Dept of Physiol., Untv. of 
Michigan, Ann Arbor. Young adult albino rats 
were exposed to Oj at 65 pounds pressure (gauge) 
for periods of from 10 to 25 minutes, depending on 
the animal’s response, 2 to 4 times per day until a 
desired severity of chronic disability was induced. 
CO 2 was absorbed from the pressure chamber and 
in so far as possible the occurrence of convulsive 
seizures was avoided. Chamber temperature was 
maintained at about 24°C. Decompression was 
carried out over a period about equal to that of the 
animal’s stay in the high pressure to avoid the 
possibility of bubble formation. 

Individual reaction manifest following the ani- 
mal’s removal to room air after single exposures 
varied widely in type and severity; symptomatic 
recovery from these acute reactions usually oc- 
curred within a few minutes or hours. But with 
repeated exposures, commonly as few as 5 or 6 
rarely after a single exposure, motor disabilities 
associated with spastic paralyses involving the 
limbs and body musculature and of a chronic na- 
ture were induced. Some symptomatic recovery 
from these chronic changes was evident but the 
persistence of striking disability for periods as 
long as IS months when the animals were sacrificed 
indicate these changes are permanent. 

Chicks (8 days old) exposed to O 2 at 90 and 65 
pounds in a similar manner over a period of days 
were affected in a like manner so that the dis- 
abilities BO induced persist into adult life. The 
nature of the disability point to possible per- 
manent injury to the C.N.S. by the high Oj pres- 
sure. Some of the reactions suggest visual dis- 
ability. 

Influence of O. at high pressure on malarial 
parasites. John W. Bi:an and Richard J. Porter 
(by invitation). Dept, of Physiology atid The 
School of Pnhlic Health, Vniv. of Michigan, Atm 
Arbor. Pooled duckling or chick blood infected 
with pla.smodium lophurae was divided into test 
and control sample. The test samples were equi- 
librated with O, at high pressure. Test and control 
samples were then injected into normal chicks and 
panisitc counts made 4 or 5 days later. 

Ex[x)sure to O; at 00 pound (gauge) for 4 hours 
deercased the infectivity of the test blood to one- 
tenth tluat of the control blood. Te.st blood e.xposed 
to O; at 96 iwninds for C hours failed to induce any 
ih tcctahlc infection. Oxygen at 45 pounds for G 
a:id hours markedly dimini.shed but did not 
(■■imp’c'cly eliminate the infectivity of tc.st blood; 
at :;u j>)un(]s for ;> hours it decrca.sed the infectivity 
of ehi -k te - 1 and after 12 hours cxjFt.Jurc at 


30 pounds this blood failed to induceany detectable 
infectivity of parasitized chick blood was also 
progressively decreased by 3, 6, 12 and 24 houre.\- 
posurcs at 15 pounds ; the average parasite count 
following the 24 hour exposed test blood inocula- 
tion was 5 per 10,000 cells, that of the control tvas 
2100 per 10,000. Parasites appeared more resistant 
in duck than in chick blood. 

Attempts to lower the parasite counts of chick 
blood in vivo by successive exposure of infected 
chicks to O 2 at 90 pounds for short periods (about 
4 mins.) were indecisive due to the high sus- 
ceptibility of the birds to the toxic action of the 
O 2 . 

Changes in alveolar CO 2 tension resulting front 
compression. John W. Bean. Dept of Physiology, 
Univ. of Michigan, Ann Arbor. Samples of air 
were taken at the end of expiration from the 
lungs of anesthetized dogs by an implanted cathe- 
ter; the first was taken at atmospheric pressure. 
Compression (air) was then carried to slightly 
over 5.5 atms.; time for compression about 1.5 to 
3.5 mins. The second sample was taken just after 
cessation of compression ; the third a few minutes 
later. The pressure was than lowered to atmos- 
pheric and the fourth sample taken. 

In 21 of the 22 compressions carried out on 4 
animals the CO 2 tension in the lung just after ces- 
sation of compression was appreciably highert- 
from about 10 to 85 per cent — than that obtaining 
before compression was begun. Obviously the 
method does not provide an e.xact measure of the 
CO 2 in contact with the alveolar wall but it does 
provide a reasonably safe index of the direction of 
the CO 2 change in the alveoli. 

This increased CO 2 tension maybe best e.xplained 
as due to the compressional inflow of air into the 
lung thus preventing e.xhalation of alveolar air 
during compression. Compressional inflow also- 
tends to compress the alveolar air thus temporarily 
elevating the CO 2 tension in immediate contact- 
with the wall. 

It is concluded that the CO 2 thus dammed back 
in the blood and tissues constitutes a very impor- 
tant etiological factor in those reactions which 
occur in highly compressed air, especially in the 
early stages and which have been attributed by 
some authors solely to an hypothetical narcotic 
action of nitrogen. 

Effects of concussion upon the retention of 
learning in the guinea pig. R. F. Becker, R- 
Groat (by invitation) and W. F. Windle. Deph 
of Anatomy and Inst, of Neurology, Northwestern 
Unit'. Medical School, Chicago. Guinea pigs weigh- 
ing between 350 and 450 grams were trained to 
perfection on a simple, alternation-tj'pe maze. 
The criterion of learning was 10 perfect runs under 
10 .second.s each when 2 blind alleys alternated 
position in a chance sequence. 
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Six days after the initial learning a re-test for 
retention was run. All the animals e.xhibited per- 
fect retention. A second investigator then selected 
certain animals at random from the trained pool 
and produced brain concussion in them. He was 
unaware of their performance on the maze. Controls 
were saved by random selection. Six days later the 
animals were given a second re-test by the first 
investigator. He did not know which had suffered 
concussion. The controls were effectively separated 
from the group because they showed perfect re- 
tention. Animals experiencing concussion took 12 
trials on the average to reach the criterion of re- 
learning, made 9 errors on the average, and were 
prone to repeat errors in the same trial. 

The brains of all animals which had been struck 
showed structural neuronal alterations, like those 
previously reported (Surg. Gyneo. and Obstet. 
79 : 561, 1944). [IPork done under conlracl, spon- 
sored by CMB, between OSRD and Northwestern 
Univ. ] 

Secretion and evaporation of sweat in cold 
weather. H. S, Belding (by invitation), G. E. 
PoEK. (by invitation), IV. H. Forbes and R. C. 
Darling. Fatigue Laby., Harvard Univ., Boston, 
Mass. Sweat secreted during bouts of exercise in 
the cold is only partially effective in achieving 
immediate skin cooling because a large proportion 
is recondensed in the clothing, recontributing 
some heat to the body. This inefficiency is com- 
pensated for by an increase in the total amount of 
secretion. During subsequent rest periods the 
moisture which has accumulated in the clothing is 
slowly reevaporated, increasing the loss of heat 
from the body at a time when maximum con- 
servation of stored heat is necessary. 

A thermostatically controlled, electrically 
heated dummy “man” has been dressed in an .\rc- 
tic outfit and exposed at O’F. in an effort to deter- 
mine the extent to which reevaporation from the 
clothing may increase body heat loss. When 1300 
grams of moisture (a reasonable sweat secretion) 
were put into the underwear and socks daily for 10 
days about 18 Cals./in“/hr. were continuous!}' 
taken from the body for evaporation. This is three 
times the usual heat loss from insensible perspira- 
tion, and results in a 50% increase over the dry 
clothing requirement of a sitting man. 

In the case of men working hard (0-7 times basal) 
at 0°F. it was found possible to reduce sweating 
from the rate of 350 to 400 grams an hour tons little 
as 50 gmms per hour by reducing the costume from 
a standard Arctic uniform to long underwar, socks 
and shoe.s. “Underdressing” to this extent cer- 
tainly is not practical, but men can reasonably be 
expected to “underdress" during work at low 
tcmiieraturcs to the point where sweat secretion 
i.s only 100 to 200 grams per hour. 

The response of the vasomotor center to the 


direct action of hypoxia. Theodore Bernthal 
and Cl.arbnce C. Woodcock, Jr. (by invitation). 
Dept, of Physiology, Vanderbilt Univ., School of 
Medicine, Nashville, Tenn. The responses of the 
vasomotor center to hypoxia were recorded during 
the absence of all known Chemoreceptor support. 
Changes in activity of the vasomotor center were 
indicated by changes in arterial blood volume flow 
in the foreleg. Local hypoxia at the leg was pre- 
vented and the driving head of arterial blood pres- 
sure was maintained constant there so that the 
initiation of changes in blood volume flow in the 
leg was dependent exclusively upon nervous fac- 
tors. The experimental animals were anesthetized 
dogs. 

In 3 of 10 animals, inhalation of gas mixtures 
ranging from 0 per cent to 7 per cent in oxygen con- 
tent produced only diminution of blood flow in the 
leg, indicating predominance of excitatory action 
of hypoxia at the vasoconstrictor center. In 6 of 
10 animals the responses were mixed, i.e., centro- 
genic vasodilatation was produced by lesser degrees 
of hypoxia (6-10 per cent Oj inhalation) and vaso- 
constriction by more intense hypoxia, or vaso- 
constriction and vasodilatation alternated during 
the course of a single response. In 1 animal, only 
centrogenic vasodilatation resulted from hypoxia. 

The results suggest two separate but simultane- 
ous effects of hypoxia on the vasoconstrictor center, 
one depressant and one excitatory, with a varying 
balance between them. In general, responses in 
which excitation dominated were more frequently 
encountered than were the converse. The threshold 
intensity of hypoxia for centrogenic vasoconstric- 
tion was very much greater than that for reflexo- 
genic hypoxic vasoconstriction. 

Equilibrium and susceptibility to seasickness.* 
Lt. (jg) J. E. Birbbn, H(S), USNR (introduced 
by H. F. Blum). A^aval Medical Research Inst., 
Bethesda, Md. Studies of the basis for suscepti- 
bility to seasickness were initiated by observations 
on 48 men who were so susceptible to seasickness 
that they wore unable to work effectively at sea. 
These men were given a series of tests, three of 
them involving equilibrium; the Barany Chair, 
the ataxiagraph, and the railwalking test. 

The susceptible men were not different from nor- 
mal seamen in their ability to balance themselves 
in the railwalking test, which requires the subjects 
to walk a ten foot one-inch wide rail. Postrotational 
nystagmus was slightly but not significantly longer 
in the susceptible men for both the horizontal and 
vertical positions in the Barany Chair. The falling 
reaction to the vcrtic.al position appeared c.xag- 
gerated in several of the susceptible men. The 
Barany Chair test as a whole did not bring out anv 

* Tho opinions nod Vico's set forth are those of the writer and 
are not to he considered ns reflcetini: tlie policies of the Nar-j- 
Department. 
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itriking differences between the normal and the 
susceptible men. 

A marked difference appeared between the sus- 
ceptible and normal men in the amount of body 
sway. Thirteen of the seasick group were over three 
standard deviations from the mean of the normal 
population; such e.xtreme cases can be expected 
to occur in 0.15 per cent of the normal population. 
The observed correlation between susceptibility 
to seasickness and marked body sway may be re- 
lated to the long history of motion sickness noted 
in the susceptible men. 

Individual differences in natural and artificial 
protection against sunburnd Harold F. Blum and 
W. S. Terus (by invitation). N'aval Medical Re- 
search Insl., Beihesda, Md. The corneum acts as a 
semi-opaque filter for radiation of wavelengths of 
the erythema-spectrum, and thus provides pro- 
tection against sunburn of the skin. A superim- 
posed semi-opaque layer covering the skin, e.g., 
a sunburn preventive ointment, gives additional 
protection. For optical reasons the protection 
afforded by such an additional layer, against spec- 
trally inhomogeneous radiation such as sunlight, 
should vary with the opacity of the corneum as 
well as that of the superimposed laj'^er. We have 
found that the degree of protection afforded by a 
given sunburn preventive varies in a regular man- 
ner with the erythemal threshold of the individual. 
This demonstrates that the individual erythemal 
threshold is largely determined b}' optical factors, 
principally the opacity of the corneum, since dif- 
ferences in other factors would not produce such 
variation. Variation in the protection afforded 
among individuals has been a source of confusion 
in estimating the efficacy of sunburn preventives. 

Electromyographic studies of innervation pat- 
terns of muscles under conditions of voluntary 
innervation. J. F. Bos.ma (introduced by E. Gell- 
horn). Until, of Minnesota. Electromyographic 
studies were made of the function of the triceps 
and biceps muscles of eight subjects through sur- 
face electrodes. Recordings were made by an Off- 
ner ink-writing crystograph. 

Under conditions of slight and moderate exertion 
a difference was found in the clcctromyogram of 
triceps and biceps. That of the triceps consisted 
predominately of simple, brief waves (GO to 90/ 
sec.). Some of these waves were grouped into 
characteristic innervation units of 4 to S similar 
consecutive waves. The clcctromj'ogram of the 
biceps consisted chiefly of slow composite waves 
with a frequency of 30 to 40 per cent of that of the 
triceps. These patterns were confirmed by the 
cathode ray oscillograph. The difference in the 
elect romyograms of the.se two muscles was suffi- 

! The and vkwi fet ferth Ijorcin ere those of the 

wiiten* and are not to he con-idererl rcSectinc the policies of 
tlic KarT Dep-artment. 


cient to distinguish triceps and biceps innervation 
in unfamiliar records. 

Under conditions of slight extension, little or no 
potentials appear in the biceps. With increased 
function of the triceps its pattern appears in the 
biceps to an increasing degree. In a similar manner 
the biceps pattern of innervation appears in the 
triceps muscle in direct relation to the strength 
of the biceps contraction. There is synchrony of a 
varying proportion of these waves in the agonist 
and the antagonist. 

The electromyograms indicate basic differences 
in the innervation patterns of biceps and triceps. 
The appearance of the biceps pattern in the triceps 
in flexion suggests an irradiation of the pattern of 
the biceps innervation into the neurons involved 
in the innervation of the triceps. 

The action potentials of visceral smooth muscle. 
Emil Bozler. The Dept, of Physiology, Ohio Stale 
Univ., Coliimbvs. Potentials were recorded during 
spontaneous rhythmic contraction in isolated 
intestinal strips and from organs in situ in anes- 
thetized animals. Differential leads with a distance 
of about 1 mm. were usually used. Monophasic 
potentials confirmed the validity of the results 
obtained. As previously found for the ureter, the 
potentials of the stomach and intestine, in most 
species, have a long plateau, giving rise to a sharp 
R-wave and a slow T-wave in differential records. 
In the intestine, spikes are superimposed on the 
plateau during strong contractions but, if the con- 
tractions are weakened by cooling or adrenalin, 
the potentials assume their simplest form and 
become indistinguishable, except for their longer 
duration, from those of cardiac muscle. The guinea- 
pig is exceptional because all its smooth muscles 
studied so far, including the ureter, give potentials 
consisting chiefly' of bursts of brief spikes. 

High concentrations of adrenalin stop the action 
potentials and motility' but, with smaller amounts 
of the drug, rhythmic potentials may be present 
while contractions are not detectable visually. In 
experiments on isolated intestinal strips, using a- 
sensitive muscle lever for recording contractions, 
it was found, however, that each potential was 
followed by a contraction. The magnitude of the 
electric change diminishes only' slightly when the 
mechanical response decreases many times. 

The nature of respiratory activity produced by 
intravenous injection of ammonium chloride. 
Charles R. Brassfield, Elwood T. Hansen 
(by invitation) and Robert Gesell. Univ. of 
Michigan. Intravenous injection of ammonium 
chloride produces changes in breathing very 
similar to those resulting from the administration 
of cserine. Breathing becomes slower and irregular 
in rhy'thm and depth. In the deep respirations 
both inspiratory and expiratory contractions are 
stronger than normal. In many of the weaker 
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breaths only expiration is intensified. The sus- 
tained potentiation of activity of the expiratory 
half-center would seem to be a plausible cause for 
the retardation of breathing. The great power and 
extreme brevity of the deeper respirations add 
strong evidence for the excitatory nature of the 
vagal respiratory reflexes (Gesell,^Yorzniak, Moyer 
and Hamilton). Furthermore, they indicate a 
marked potentiation of the inspiratory and expira- 
tory vagal reflexes, for when the vagus nerves are 
cold blocked the sustained expiratory activity 
disappears, breathing becomes regular in height 
and frequency and inspiration transpires at a much 
slower velocity. The results obtained with cold 
blocking of the vagi are similar to those obtained 
in eserine poisoning. 

It , is tentatively proposed that the increased 
anticholinesterase activity existing during am- 
monium chloride acidosis and eserine poisoning 
may be the main cause underlying the similarity of 
changes in breathing occurring under these con- 
ditions. Whether the ammonium radical exercises 
an additional effect remains to be determined. 

COs breathing and carbohydrate involvement 
in anoxia. S. W. Britton and K. F. ICline (by 
invitation). Dept, of Physiology, Univ. of Virginia 
Medical School, CharloUesville. Rats were studied 
in chambers at 162 mm. Hg barometric pressure 
(37,000 ft. alt. equivalent) with continuous ven- 
tilation. Differences in male and female response 
wore noted. 

Pre-exposure of animals to a COj/Oj (15/85) 
mixture resulted in greatly increased resistance to 
anoxia. In many' cases survivals were two to four 
times as long after such treatment. Differenees 
were more marked in fed than in fasted rats. 

Glucose administration was more effective than 
CO 2 breathing in prolonging survival under severe 
anoxia. In some cases carbohydrate-treated ani- 
mals lasted one to two hours longer than normal 
controls. Related were the severe convulsions in- 
variably observed in fasted animals exposed to 
anoxia, and the absence of seizures in fed rats with 
higher blood glucose levels. Tissue glycogen as well 
as blood glucose values were studied, and the 
effects of various hormones were tested. 

A study of the effect of hypothalamic lesions on 
the eating habits of rats. Ch.\ndler^IcC. Brooks, 
RiciiAno A. Lockwood (by invitation) and Mil- 
ton L. Wiggins (by invitation). Dept, of Physi- 
ology, School of Medicine, The Johns Hopkins 
(/nit’., Haltimore. The times of eating and the 
■quantity of food consumed at each meal were 
determined in rats fed adlibiduin. .All rats studied, 
when normal, ate approximately 70 per cent of their 
daily food intake at night (0 p.m. to 0 a.m.). Dur- 
ing the day they ate, on the average, once every 3 
to -I hours. .At night the frequency was once every 
1 to 2 hours. The maximum meal size rarely ex- 


ceeded 4 grams of mash and the average was 1.5 
to 2 grams. Day and night meals did not vary 
significantly in size. Surgical reduction of stomach 
capacity caused a greater frequency of eating and 
a smaller meal size until the organ had again at- 
tained a normal capacity. Hypothalamic lesions 
of the type which produce obesity reversed the 
period of maximum food consumption. During the 
dynamic phase of obesity animals habitually ate 
an enormous meal (14 to 20 grama) immediately 
after the food container was filled with fresh food. 
This resulted in a daylight consumption of approxi- 
mately 65 per cent of the day’s food. Throughout 
the remaining hours they ate at rather uniform 
intervals of once every 2 hours. The average meal 
size was 4 to 7 grams. As the static phase was 
attained patterns of eating tended to revert to 
the normal. At night 56 per cent of the food was 
eaten ; meal size averaged 3 to 4 grams ; the average 
frequency of eating was once every 2.5 to 3 hours 
during the day and once every 2 hours at night. 

A study of the respiratory quotient in obesity. 
Chandler McC. Brooks. Dept, of Physiology, 
School of Medicine, The Johns Hopkins Univ., 
Baltimore. A study was made of the effect of food 
(Purina dog chow) ingestion on the respiratory 
quotient of rats when normal and at various times 
during the dynamic and static phases of the obesity 
produced by hypothalamic lesions. It was found 
that, abnormally high quotients occurred through- 
out the dynamic phase but not during the static 
phase. The rise above unity was not obtained un- 
less three grams or more, dry weight, of food were 
ingested. Larger quantities caused a slightly higher 
rise but chiefly a prolongation of the period of high 
R.Q. The rise was detectable 60 minutes after eat- 
ing a 4 to 6 gm. meal and the peak was attained 
within two hours. Within four hours the R.Q. gen- 
erally fell to or below the pre-feeding level. Inges- 
tion of 5 to 8 cc. of olive oil did not cause the R.Q. 
to rise above unity in three rats which showed the 
typical change after eating the carbohydrate-con- 
taining food. .Although ingestion of food did not 
cause the R.Q. to rise above unity immediately 
after operation the phenomenon was present by 
the fourth day. Six animals, with effective lesions, 
were pair-fed to normal rats but were given their 
total ration subdivided into small quantities, 
which never exceeded two grams. These portions 
were delivered to the rats at regularly spaced in- 
tervals. In these rats, when given a test meal, the 
respiratory quotient rose well above unity. Thus 
the phenomenon developed although periodic 
engorgement with food liad never occurred. 

Electrode potential measurements ofPcnicil- 
lium notatum. M.atild.a Moldenh.vijer Brooks. 
Univ. of California, Berkeley. To find some evi- 
dence for the interpretation of the action of Peni- 
cilliitm nolatum in certain diseases, measurements 
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were made of the Eh and the pH of corn steep 
broth in which it was grown. The broth alone had 
an Eh of ~.028volts at pH 3.65 initially as meas- 
ured by the Coleman electrometer. After inocula- 
tion in 2 weeks the Eh was —.258 and the pH 8.4. 
In order to reduce these values to comparable 
terms, making certain assumptions, the rH was 

Eh 

calculated as 2 pH -f — . Penicillimn under 

.Uo 

aerobic conditions changed the rH of the medium 
from 6.4 to 8.5. Purified penicillin, 100,000 Oxford 
units in saline (Parke, Davis), registered an Eh 
of —.128 at pH 6.5 and an rH of 8.7. Flasks tightly 
stoppered gave slight growth ; the Eh was — .183 
at pH 3.8 and an rH of 1.5. When .006 M KCN was 
added aerobically, the Eh was .178, the pH 3.65 
and the rH 1.4. No growth obtained. Other or- 
ganisms used for comparison were Saccharomyccs 
cervescae, Torula vtilis, Mycoderma and As-per- 
gillusfiavus grown in other media. These produced 
negative Eh values but low pH and rH values. 
Clifton (1933) determined the Eh of Slaph. axtrexis 
as — .15 at pH 8.0, giving an rH of 11. 

It seems therefore, that the redox potential at a 
favorable pH value, of purified penicillin, or of the 
products of metabolism of the growing organism 
itself, may poise the potential in a region un- 
favorable for the growth of such organisms as 
Siaph. aureus. 

Changes in psychomotor performance in bed- 
restd Josef Brozek (by invitation), Harold 
Guetzkow (by invitation) and Angel Keys. 
Laby. of Physiological Hygiene, Univ. of Minne- 
sota. The effects on motor performance of 3 weeks 
of hospital bed-rest were investigated in 6 normal 
young men. In a preliminary standardization 
period the subjects were brought to a steady 
plateau of performance in a series of tests of 
strength, speed, movement coordination and pos- 
tural coordination. Measurements were made daily 
during the first week of recovery after bcd-rcst and 
were repeated 3 weeks later, without practice in 
the interim. 

Performance was substantially unaffected by 
mere cessation of practice but 3 weeks of bed-rest 
produced significant deterioration in postural and 
complex motor coordination. In percentage of con- 
trol performance before bed-rest, postural stead- 
iness (ataxiameter) averaged 70, 88, 94 and 95 on 
successive days after bed-rest. Similarly, eyo- 
hand-fool coordination averaged S4, 85, 94 and 
lOO'lc, re.spcctively, for the first 4 days out of bed. 
Backstrength (back-lift dynamometer) showcdless 
deterioration; on the first 4 {wst-bed rest d.ays the 
values averaged, respectively, 93, 92, 95 and 97()): 


• Thl‘t work wrts Mjpportcfi in jiart undfr the tcriHA of a con- 
irn.n Wiwo'n thf' of the University of Minnesota and 

th<* OtHce f.f Scienlific Kf^f-orch nnfl Dcvelyfirncnt. Suppf>rt 
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of the control. Bed-rest had a similar slight effect- 
on the speed of gross body movements. Neither 
strength of grip nor speed of small hand movements 
(tapping alternate plates) showed any deteriora- 
tion in bed-rest. 

One man was later subjected to an inguinal, 
herniorrhaphy and remained in bed for 3 weeks. 
Recovery followed a similar course. Postural stead- 
iness, as percentage of control, was 69, 77, 79 and. 
91 on the first 4 days after simple bed-rest, and 72,. 
85, 94 and 98 in post-operative conditions. 

Assay of pepsin in human urine.i Gladys R. 
Bucher (introduced by R. Hafkesbring) . Dept- 
of Physiology, TFowma’s Medical College of Penn- 
sylvania, Philadelphia. The hemoglobin method, 
has been adapted to the assay of pepsin in human 
urine. A pepsin has been found in all urine samples 
from 25 female subjects. Storage of the urine for 
4 days at 15°C does not alter the peptic activity. 
The pepsin concentration in any single sample- 
correlates well with its specific gravity. 

Volume, pH, specific gravity and pepsin were- 
determined in 218 samples of 24-hour urine collec- 
tions. The subjects, 10 student nurses, whose- 
fasting gastric secretion contained pepsin, made 
their own collections for 6 days a week during one- 
menstrual cycle. They kept a record of their food, 
and fluid intake. 

Highest peptic potencies occurred in specimens- 
with low pH, (4.6-5.0). When the pH was 7.0 or 
more, little or no pepsin was found. There was- 
positive correlation between the pepsin concen- 
tration and the specific gravity. The average 
pepsin concentration of 211 specimens (pH 4.0- ■ 
6.9) was 0.439 mg. tyrosine per cc. when digested 
for an hour. In this study no relationship appeared- 
to exist between gastric and urinary pepsin con- 
centrations. The average potency of the gastric 
secretions was 6.37 mg. tyrosine per cc. when di- 
gested 7.5 minutes. 

The total 24-hour urine pepsin output on all 
specimens averaged 296.8 mg. tyrosine. Individuals 
showed considerable dail 3 ' fluctuations for which 
an explanation has not jmt been found. In spite of 
this, the average 24-hour output of 80% of 10 sub- 
jects fell within the range of 200-400 mg. of ty- 
rosine. 

Abolition of tremor by removal of area y. Paul 
C. Bucy. Illinois Ncuropsychiatric hist, and the 
Dept, of Neurology and Neurological Surgery, 
Univ. of Illmois College of Medicine. In various 
waj's it has been previouslj' demonstrated that 
tremor at rest (parkinsonian tremor) is abolished 
by destruction of the contralateral precentral 
motor cortex or of the pyramidal tract arising from 
it. Exactly which part of the precentral motor 


* Aitlofl by a grant from tbo CornmHtco on Thcrnpcutic lie- 
search, Connell on Pharmacy and Chcml^lry, American Medical 
Association. 
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•cortex was concerned with the production of tremor 
was, however, unknown. On Aug. 3, 1913 area 4^, 
"the area giganto-pyramidalis which lies in the pos- 
terior part of the precentral gyrus, was removed 
from the left cerebral hemisphere of a 23-year-old 
man. This patient had suffered from weakness and 
41 severe tremor involving the right extremities 
for a period of 15 years, following an illness at the 
. age of 51 years. This illness was presumably an 
encephalitis. At the time of the operation a sup- 
pressor area, thought to be area 4s, was demon- 
strated just anterior to the precentral sulcus. 
Following the extirpation the tremor was abolished 
nnd has remained so. There was also a considerable 
paralysis, particularly of the hand and fingers and 
some increase in spasticity. There was a temporary 
disturbance of sympathetic activity and a delayed 
temporary disturbance in sensory perception. This 
observation indicates that tremor at rest results 
from nervous impulses arising from the Betz cells 
4vnd transmitted to the spinal cord by the large 
(9 to 22;i) fibers which arise from the Betz cells 
4ind form only 2 to 3 per cent of the pyramidal 
tract. 

Evaluation of the 2-6 hour rat pregnancy test. 
■CAnn A. Bunde. Depl. of Physiology and Pharma- 
■cology. Southwestern Medical College, Dallas, 
Texas. Ovarian hyperemia of the immature rat as 
Sin end point in a rapid test for pregnancy has been 
• reported by several investigators. There is no gen- 
eral agreement on the reliability of the test. Re- 
sults reported here are concerned with evaluation 
of the test as well as an attempt to discover 
.sources of error and thus increase the accuracy. 
A comparison was made of (1) subcutaneous 
injection with e.xamination at the end of 6 
hours, (2) intraperitoneal injections with examina- 
tion of the ovaries 2 hours later, and (3) a modi- 
fication combining (1) and (2). Tests on S3 
urines showed no significant differenoe among 
the 3 methods. With S2 urine samples, using 2 
rats for each, 81% were diagnosed correctly. In 
01 tests, using 3 rats, 90% were diagnosed correctly. 
This percentage accuracy was increased when 
urines of low specific gravity were discorded. 

Pituitary gonadotrophins and pregnant marc 
senim os well as chorionic gonadotrophin were 
found to give positive responses. Therefore, urines 
from female castrates, women during menopause, 
and young women at the time of expected ovulation 
were tested. Of IG such patient.s, 2 gave a positive 
reaction. The minimal amount of chorionic gottado- 
trophin which would produce ovarian hyperemia 
was found to he 15 to 25 i.u. Large amounts of 
estrogens produced no ovarian hyperemia. (Urines 
and clinical dat.a were obtained through Dr. W. Fi 
Mcngert, Department of Obstetrics and Gyne- 
cnlogy.) 

Scalp polcntial, an index to brain potential. 


W. E. Burge. Depl. of Physiology, Univ. of Illi- 
nois, Urbana. One nonpolarizable electrode was 
placed on the exposed gastrocnemius muscle, 
which served as a point of reference, of an etherized 
dog, while the other electrode, with a potentiom- 
eter in the circuit, was placed alternately on the 
exposed motor area of one side of the brain and on 
the shaved scalp overlying the motor area of the 
opposite side. 

When the dog was lightly anesthetized, suffi- 
ciently to prevent pain, the scalp was found to be 
weakly positive to the gastrocnemius, the point of 
reference, and the underlying brain cortex strongly 
negative, with an average positive potential of the 
scalp in the ton dogs used of 1.9 millivolts and an 
average negative potential of the brain cortex of 
15.2 millivolts, or a 1 to 8 ratio between scalp and 
brain potential. 

Increasing the depth of anesthesia, decreased 
both the positive potential of the scalp and the 
negative potential of the underlying brain cortex, 
and in deep anesthesia both fell to the zero level. 
During recovery from anesthesia, both the positive 
potential of the scalp and the negative potential of 
the underlying brain cortex rose practically to 
their previous high levels. 

Since the positive potential of the scalp fluctu- 
ates with the negative potential of the underlying 
brain cortex, scalp potential may be used as an 
index to brain potential . An increase in the positive 
potential of the scalp indicates a rise in the nega- 
tive potential of the underlying brain cortex and 
a decrease indicates a fall in brain potential. 

A lowering of the negative potential of the motor 
area of the brain during physical exertion as a 
cause of muscular fatigue. W. E. Burge and R. 
A. Purdy (by invitation). Dept, of Physiology, 
Univ. of Illinois, Urbana. When one platinum 
electrode was placed on the forehead and another 
on the forearm, with a potentiometer in the cir- 
cuit, the scalp of the forehead was found to be posi- 
tive to the forearm when the subjects were at rest 
with an average positive potential of 48 millivolts 
in the 20 subjects used. 

Exercise, by running at top speed up and down 
four flights of stairs in rapid succession to fatigue 
and e.xhaustion, decreased the positive potential 
of the scalp to the zero level, and during subse- 
quent rest the potential rose practically to its 
previous high level. 

We found in etherized dogs that the scalp was 
positive and the underlying brain cortex negative 
and that the positive potential of the scalp fluc- 
tuated with the negative potential of the underly- 
ing brain cortex, so scalp ymtcntial may be used as 
an index to brain potential. Hence, the fall in the 
positive jwtential of the scalp of humans during 
muscular fatigue and exliaustion indicated a fall 
in the negative potential of the underlying motor 
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cortex, and the rise during subsequent rest indi- 
cated a rise in the negative potential of the under- 
lying brain cortex. 

These observations suggest that the site of mus- 
cular fatigue is the motor area of the brain, and its 
cause a fall in the potential of the motor area to 
the same level as that of the outlying muscles, so 
that under these conditions no negative charges 
or nerve impulses can pass to the muscles to stim- 
ulate them to contract. 

Voluntary movement in relation to brain po- 
tential. W. E. Buege. Dept, of Physiology, Univ. 
of Illinois, Urbana. When one nonpolarizable 
electrode was placed on the exposed motor area of 
the brain of an etherized dog and another on the 
exposed gastrocnemius muscle, with a poten- 
tiometer connected in the circuit, the motor cortex 
was found to be negative to the muscle when the 
dog was only lightly anesthetized, sufficiently to 
prevent pain, and could make slight spontaneous 
movements with an average negative potential of 
18.4 millivolts in the fourteen dogs used. 

Increasing the depth of anesthesia decreased the 
negative potential of the brain cortex along with 
the decrease produced in the ability of the dog to 
make voluntary movements, and in deep anes- 
thesia when the dog was no longer able to make 
spontaneous movements, the potential of the motor 
area had dropped practically to the same level as 
that of the muscle. Decreasing the depth of anes- 
thesia increased the negative potential of the motor 
cortex, and when the dog had sufficiently recovered 
to make slight spontaneous movements, the grain 
potential had risen practically to its previous high 
level. 

Hence it would seem that a necessary condition 
for the flow of negative electric charges or nerve 
impulses from the motor area out over motor nerves 
to the muscles to produce voluntary contraction 
is the same in the living animal as for the flow of 
electrons in a purely physical system, namel}’, 
that the motor area be at a higher level of negative 
potential that of the outlying muscles. 

Use of the dye method in plasma volume de- 
terminations in anoxia. D. B.viley Calvin. 
Dcyl. of Biological Chemistry, Vtiir. of Texas, 
School of Medicine, Galveston. Marked cell con- 
centration and potassium increases occur in 
shock due to anoxia and asphyxia (Am. J. Physiol. 
124: 192, 1938). The same degree of hcmoconcen- 
tration is not shown by pl.asma protein estimations. 

To obtain further evidence on the nature of blood 
changes in shock, attempts were made to deter- 
mine plasma volume using T-1824 and the dye 
method described by Gregersen, and by Gibson. 
Interpretations of the data arc difficult. Whereas 
changes in the cellular elements of the blood indi- 
cate- marked hcmoconcentnition. pl.asma volume 
. <'hangc,-; are of .a much smaller degree. The re.sults 


obtained are quantitatively similar to those cal- 
culated from increases in plasma proteins. 

As previously reported, under the conditions of 
these experiments, the albumin : globulin ratio in- 
creases, along with the increase in plasma protein 
concentration, but to a somewhat greater extent. 
The interpretations of these data, including those 
on plasma volume measurements using the dye 
method, would indicate a marked loss of relatively 
unchanged plasma from the vascular system. It is 
reasonable to assume that the anoxia causes an 
increased capillary permeability by which plasma, 
plasma proteins (especially albumins) and the 
injected T-1824 dye are lost from the circulation 
at a rapid rate. (J. F. Danielli and A. Stock, Biol. 
Rev. Cambridge Phil. Soc. 19: 81, 1944.) 

Under the conditions of these e.xperiments the, 
dye method does not give entirely satisfactory 
values for plasma volume. Cell volume or hemo- 
globin determinations appear to be better criteria 
for estimating changes in blood volume in the shock 
due to anoxia. 

Further studies of estrogen-sodium dehydro- 
cholate solutions. A. Cantaeow, K. E. Paschkis, 
A. E. Rakofp (by invitation), A. A. Walkling 
(by invitation) and L. P. Hansen (by invitation). 
Jefferson Medical College, Philadelphia, Pa. A num- 
ber of steroids and other substances practically in- 
soluble in water go into solution rather readily in 
aqueous solutions of sodium dehydrocholate. Pre- 
vious observations suggest that this phenomenon is 
not due to the operation of purely phj'sical forces, 
but, at least in the case of estrone, to the formation 
of a ratherfirm complex with the bileacid (Endocri- 
nol. 35 : 129, 1944). This view has received support 
from the results of diffusion studies and of studies 
of the rate of excretion of estrogen in the bile of 
bile-fistula dogs after intravenous injection of 
alpha-estradiol in (a) 95% alcohol solution, (b) so- 
dium dehydrocholate solution and (c) 95% alcohol 
solution followed by injection of sodium dehydro- 
cholate. The excretion pattern after injection of 
the cstrogen-dehydrocholate solution differed from 
that after separate administration of the estrogen 
and dehydrocholate solutions in such manner as 
to suggest some form of firm combination of the 
estrogen and the bile acid. 

A trap with holder for handling vicious labora- 
tory animals such as wild rats. Em.mett B. Cae- 
MiciiAEL, Ralph McBubney (by invitation) and 
Louise Ricke.man Cason (bj' invitation). Depls. 
of Physiological Chemistry and Bacteriology , School 
of Medicine, Univ. of Alabama, University. The 
apparatus consists of a holder, and a cone-shaped 
tunnel or trap which is soldered to a sheet iron 
shield, and two metal comb-like stops. The holder 
and trap are made of hardware cloth. The trap is a 
truncated cone with a sheet iron collar soldered to 
the truncated end over which the cylindrical holder 
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fits. The holder is tapered at the extreme end. One 
stop is for use with the trap and the other is for 
the holder. The shield of the apparatus can be 
placed over the open door of a small cage. Then the 
animal usually can be stimulated to enter the tun- 
nel by simply blowing into the rear of the cage. 
The first stop is placed next to the opening in the 
cage. As the animat enters the holder the other 
stop is put in place behind it. The holder with the 
animal can be removed from the trap and the ani- 
mal can be handled with ease for such procedures 
as weighing, feeding, taking blood, and injections 
with absolute protection to the operator. 

The effects on temperature regulation in rats 
injected with rattlesnake venom. Emmett B. Cab- 
-MiCHAEE. Dept, of Physiological Chemistry, School 
of Medicine, Univ. of Alabama, University. Adult 
rats were injected subcutaneously with rattle- 
snake venom, and after 30 minutes some animals 
were placed in an incubator at 92'96°F. and others 
were placed in a refrigerator at 52-56°? . The rectal 
temperatures were taken before the injection of 
venom and again just previous to subjecting the 
animals to one of the above temperature ranges. 
The body temperatures were also taken 3 hours, 8 
hours, 24 hours, 48 hours and 72 hours after the 
injections when the animals lived that long. The 
results on the rats that survived may be tabulated 
ns follows: 


No. of 
rats 

Norma! 

temp. 

rats 

Temp. 

treated 

at 

Body temperature after injection 
of rattlesnake venom 

30 

min. 

3 

hr. 

8 

hr. 

24 

hr. 

48 

hr. 

72 

hr. 


c. 

F. 

c. 

c. 

c. 1 

c. 

c. 

c. 

H i 

3S.6S 1 

P2-96 

39'.3S 

39. 4G 

38.701 

3S.-19 

38.16 

37.13 

9 

3S.53 

S2-5G 

39.5S 

30.85 

30.77 

37.15 

3S.06j 

38.32 


The lowering of the body temperature seemed to 
be helpful since 50 per cent of the rats suiwived an 
injection of 32.5 mgm. of rattlesnake venom per 
kgm. while 100 per cent of the animals died when 
subjected to the higher temperature range after 
receiving only 26 mgm. of venom per kgm. 

Effect of high oxygen tension on carbon dioxide 
production by frog muscle. Ruth Elizabeth 
Cass (introduced by W. O. Fonn). Dept, of Physi- 
ology, School of Medicine and Dcjitistry, Univ. of 
Pochestcr, Pochester, K. Y. The object of the 
present study was to investigate the effect of high 
0- tensions on the CO. production of isolated tis- 
sues. 

TJie CO; output of frog sartorii wa.s measured by 
the conductivity method, with one muscle exposed 
to 0; at 100, 200, 300 or 500 ]K)unds gauge pressure 
and the contralatcra.1 muscle of the same frog run 
as a control in O- at atmospheric jiressure. Follow- 
ing the application of high O. pressure the rate of 


CO. production increased initially, but decreased 
subsequently to a small fraction of the resting rate. 
The greater the pressure used, the earlier the de- 
cline in rate of COj output. After release of excess 
pressure the rate of CO. production increased to or 
above the resting rate, but could be lowered a 
second time by reexposure of the muscle to high 
O.. 

When the pressure on muscles in 100 per cent O. 
was raised to 300 or 500 pounds with N; no decline 
in CO. output appeared. If 500 pounds total pres- 
sure was used, of which 200 or 300 pounds was 0- 
and the remainder N., the CO. production was 
similar to that with 200 or 300 pounds O; pressure 
alone. Clearly the 0. tension and not the total 
pressure was the determining factor. 

• Acidification released similar quantities of CO. 
from O.-poisoned and control muscles, indicating 
that there was no accumulation of CO; within the 
poisoned muscles. 

Influence of specific gravity and rate of decom- 
pression on bubble formation in rabbits decom- 
pressed to altitude.* Lt. (jg) H. R. Catchpole and 
Lr. I. Gebsh, USNR (by invitation). Naval Med- 
ical Research Inst., Bethesda, Md. Bubble inci- 
dence in two groups of rabbits decompressed to 
45,000 feet equivalent altitude in 3 to 30 seconds 
and in 2 to 7 minutes showed no constant relation- 
ship to body fatness or leanness as determined by 
the specific gravities of the animals. Decompres- 
sion time is a determining factor affecting bubble 
formation. Maximal bubble incidence and early 
death are associated with rapid deconipression ; 
minimal bubble formation and later death with 
alow decompression. 

A critical decompression rate of 10 minutes to 
to 45,000 feet was established below which 85% 
of the animals die with vascular bubbles in 30 
minutes or less and at which 85% survive for 30 
minutes after reaching altitude. 

Histological and hormonal changes in the 
neurohypophysis of rats following NaCl adminis- 
tration. George H. Chambers (introduced by 
Kendrick Hare). Dept, of Physiology, State Univ. 
of Iowa, Iowa City, Since the intravenous or oral 
administration of hypertonic salt solutions re- 
leases large amounts of pituitrin, we examined the 
pituitrin content and the histological appearance 
of the ncurohypophysis of control and salt treated 
rats. Salt was injected intravenously in 0.9 and 
5.0% solution or added to the drinking water so 
tb.at the concentration wa.s sysf cmatically elevated 
0.5% every second week until a maximal concen- 
tration of 2.5% was provided. The colony of 05 
rats used w.a.s divided so that control and experi- 
mental groups for each procedure contained rats 

* Tlie ppininn. oxprw-(sl in llu; article arc those of the writer-, 
and are not to l>c construe*! a.. rcHcctinc the ofTirial view, of the 
Navy Department or of the Naval Service at larire. 
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of the same age, weight' and sex. It was found that 
the injection of salt increased the pituitary weight : 
bodj' weiglit ratio and produced an edema of the 
neurohypophysis. When a high salt intake was 
forced for 5 weeks the pituitary weight:body 
weight ratio was not altered, but the hormonal 
content of the neurohypophysis, as assayed on 
dogs with diabetes insipidus, was greatly reduced. 

Visible spectral absorption of reduced luci- 
ferin. Aurin M. Chase. Physiological Laby., 
Princeton Univ., Princeton, N. J. Measurements 
of the visible absorption spectrum of aerobic solu- 
tions (pH 6.S)‘ of doubly-purified Cypridina 
luciferin (i.e., carried through two cycles of purifi- 
cation by Anderson’s method) show an initial 
absorption bandat435 mg, which is rapidly replaced 
by one at 465 mg. The latter then disappears slowly, 
leaving the solution practically colorless (Chase, 
J. Biol. Chem., 1943). The 435 mg band was as- 
sumed by Chase to represent luciferin in a non- 
oxidized condition. However, since the spectrum 
could not be measured until several minutes after 
the luciferin had been exposed to o.xygen in the 
solvent, this band might equally well be attributed 
to small amounts of oxidized luciferin. Because of 
the importance of the absorption spectrum — ^and 
of the changes which it undergoes — as a possible 
means toward determining the structure of lucif- 
erin, it is necessary to decide what state of the 
molecule this visible absorption band represents. 

This question has been answered through a com- 
parison of the absorption spectra of three kinds of 
luciferin solutions; (1) doubly-purified lucifei-in 
measured in an aerobic solvent, (2) singly-purified 
luciferin measured in an aerobic solvent and (3) 
singly-purified luciferin dissolved and measured in 
complete absence of oxygen. By appropriate treat- 
ment of the data it can be shown that the 435 mg 
absorption band is not due to reaction with dis- 
solved oxygen in the solvent during the short in- 
tciA’al before thespcctrum is measured. Rather, it 
exists even though the luciferin has had no contact 
with o.xygen and is, therefore, a property of re- 
duced luciferin. 

Effects of sex hormone therapy on a prepuber- 
tal male castrate chimpanzee. George Ceark. 
Yerkes Labs, of Primate Biology, Orange Park, 
Fla. A male chimpanzee, now almost 11 years old, 
was castrated at the age of 22 months. As com- 
pared with the available normal material few or no 
deviations were found either in bodily or sex be- 
havior development. Under androgenic therapy' 
there was a dccrc.asc in the number of copulations 
per hour, cjaculationandan increase in dominance, 
while the latter dccrca.scd with an estrogen. No 
significant weight changes occurred during the 
periods of treatment with se.x hormones, and 
skeletal findings await control data. These results 
are discussed in relation to current ideas of the 
effects of prepubertal ca.^t ration in the human. 


Observations on histamine release from tissues 
during anaphylaxis. Sue Cloyd (by invitation) 
and W. A. Seeee. Dept, of Physiology, Univ. of 
Texas, Medical School, Galveston. According to the 
humoral theory of anaphylaxis, histamine is re- 
leased from sensitized cells during the antigen- 
antibody reaction. Evidence for this is chiefly 
circumstantial. Experiments have been carried 
out to determine w’hether histamine is liberated 
from intestinal segments, minced intestine, lung, 
and liver of guinea pigs sensitized to egg white and 
horse serum. Isolated strips (ileum) of normal 
starved guinea pigs, sensitive to .5 gamma of hista- 
mine, were used as test tissues. The individual 
segments were placed in 50 cc. Berkfeld filter tubes 
and perfused with oxygenated Ty’rode’s solution. 
Following a short interval for stabilization of the 
spontaneous contractions, 2-4 grams of sensitized 
tissues were introduced to the perfusion fluid. 
After another interval for stabilization of the test 
tissue, the bath containing the sensitized and nor- 
mal (test) tissue was charged with the antigen 
used in the sensitizing injection. 

Although the addition of sensitized tissue fre- 
quently resulted in a slightly greater increase in 
tonus than did the addition of normal tissue, the 
shocking dose of antigen was not followed by a sig- 
nificant response in the test tissue. The fluid 
bathing the strips was then further tested for 
histamine by the method of Barssoum and Gad- 
dum. There w'as no evidence obtained by this 
method either that the histamine content of the 
perfusing fluid is significantly increased during the 
Schultz-Dale reaction. 

The sequence of physiologic events in man 
during exposure to positive acceleration.^ C. P. 
Code, E. H. Wood, R. E. Sturm (by invitation), 
E. H. Lambert (by' invitation) and E. J. Baedes. 
Acceleration Laby., Mayo Aero Medical Unit, 
Rochester, Minn. There is a definite sequence to 
the physiologic events that occur in the com- 
fortably seated human being during exposure to 
positive acceleration. This sequence is divided 
into two distinct periods : the period of progres- 
sive failure and the period of compensation. 

During the period of progressive failure, the 
pulse rate progressively increases, the amount of 
blood in the ear is progressively reduced, the pulse 
in the car may be gradually reduced or abruptly 
lost, the blood pressure at the level of the base of 
the brain declines and reductions of vision and 
consciousness, if they' occur, become evident. 
As accelerations of greater intensity are experi- 
enced, the extent of these changes is increased. 

The period of progressive failure is usually ter- 
minated by compensatory' reactions, which become 

* Work done under contracts with: (1) United States Army 
Air Forces, Wrinht Field, Daj'ton, Ohio, and (2) the ofTice of 
Scientific Research and Development, National Research Coun- 
dl, Washington, D, C. 
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effective about six to eleven seconds after the onset 
of acceleration. 

During the period of compensation, the blood 
pressure rises, the ear pulse may return or in- 
crease, the amount of blood in the ear inereases, 
the pulse rate increase is checked and the pulse 
maj' slow and, if these compensatorj^ changes are 
sufficiently effective recovery from symptoms 
(both loss of vision and consciousness) will occur. 

This consistent pattern has been observed in a 
total of more than 250 subjects. Measurement 
of the magnitude of the changes has allowed the 
development of an accurate quantitative assay 
procedure for the determination of man’s g tolerance 
and for the measurement of the efficacy of anj' 
device designed to prevent or offset these physi- 
ologic changes. 

Hydrostatic anti-blackout protection; the pro- 
tection afforded man against the effects of positive 
acceleration by immersion in water (motion 
picture).' C. F. Code, E.H. Wood and E. J. Bae- 
DES. Acceleration Laby., Mayo Aero Medical Unit, 
Rochester, Minn. The motion picture shows the 
methods used in this study and illustrates the 
average protection afforded man against the effects 
of positive acceleration by immersion in water. 

The study was carried out on the human centri- 
fuge. A specially constructed bath tub was placed 
in the gondola or cockpit of the centrifuge. The 
subjects wt in this tub in the same position as 
that assumed by a pilot in a fighter airplane. Each 
tost included the determination of the subject’s 
g tolerance while sitting in the tub — first, without 
water, then with water added to various body 
levels, and finally again without water as a re- 
cheek of the control determinations. On the aver- 
age, immersion in water to the xyphoid gave 0.9 
g protection and immersion in water to the level of 
the third rib gave 1.7 g protection. 

Graphic registration of arterial systolic and 
diastolic pressure in animals. Otis M. Cope. 
Dept, of Physiology and Biochemistry, New York 
Medical College, Flower and Fifth Avenue Hos- 
pitals. This method is based on the principle 
of recording by means of mirrors mounted on a 
lever and rubber diaphragms, the actual move- 
ment of the manometer and the fluctuations in 
Wood pressure through tlic registration of the 
KorotkofT sounds. By connecting any one of tlicsc 
levers to wiiich tlic mirror is attaclied with a 
heart muscle preparation or excised arterial or 
intestinal strips it is possible to get a record in 
whicli friction is reduced to a minimum of tonus 
waves and tiic effect of iicrfusion fluids containing 
test sulistances on the.se prciianitions. 

Pancreatic diabetes in the calf. Eu-ex T. 

* "ork (lonp undrr rontrnrt.i witli: (ll Untied States .Array 
.Air 1 oree-, Urictit rteld, Da\ton. Oliio, and (?) the oITire of 
Seienlifie Ite-eareli and IketctopTnenl, National Reeeareh Cotin- 
cil. Wa-liInJttnn, D. C. 


Cook (by invitation) and J. A. Dye. Dept, of 
Physiology, Cornell Univ., Ithaca. Total pancrea- 
tectomy was successfully accomplished in 2 out of 
3 month-old calves. The resultant diabetes re- 
sembled that observed in goats and hypophysec- 
tomized dogs (Lukens, Am. J. Physiol. 122: 729, 
1938). Moderate hyperglycemias which varied 
roughly quantitatively with the food intake 
(milk) developed, during fasting the blood sugar 
values dropped to levels beloiv those for fasting 
normal calves. Ketonuria Avas conspicuously ab- 
sent. Nitrogen excretion in the urine was low, but 
was increased about 100 per cent above non-dia- 
betic levels. Urinary glucose excretion was also 
roughly proportional to the food intake, being 
moderately high after feeding and zero during 
fasting. As judged from the blood sugar curves 
following intravenous injections of glucose, 1 gm. 
per kgm. body weight, the glucose tolerance of 
these animals was definitely below determined 
preoperative levels, however, only 30 to 50 per cent 
of the administered sugar was excreted, some 
apparently being utilized. Although in appar- 
ently good physical condition, the animals slowly 
but progressively lost weight, digestive distur- 
bances seemed to play an important role. They 
were sacrificed for terminal chemical analyses at 
2 and 3 weeks postoperative. Muscle glycogen 
values were 0.52 and 0.77 per cent; liver glycogen 
values Avere 2.3 and 2.5 per cent in the tAvo animals . 
The color of the livers was normal. The present 
results indicate relatively low levels of fat metab- 
olism and endogenous gluconeogenesis in this 
species following pancreatectomy. These differ- 
ences are probablj’ related to anterior pituitary 
functions. 

Motor changes in monkeys with internal cap- 
sule lesions. Elizabeth J. Coavgill (by invita- 
tion) and H. W. Magoun. Inst, of Neurology and 
Dept, of Anatomy, Northwestern Univ. Medical 
School, Chicago. Electrolytic lesions Avere placed 
in the internal capsule of seven monkeys Avith 
the stereotaxic instrument. A lesion AA'as designed 
Avhich Avould interrupt all cortical fibers entering 
the internal capsule. Histological examination 
proA’cs that the lesions were correctly placed. 

Three animals Averc prepared with complete uni- 
lateral lesions. Thcrcsul tingloss of A-oluntary move- 
ment on the eontralatcral side aa-os most marked in 
the lOAVcr leg and least marked in the facial muscles. 
The loss of tone approached complete flaceidity 
jiost -operatively. Deep tendon reflexes were di- 
minished to absent . .Abdominal and plantar reflexes 
and placing and hopping reactions Avere absent. 
There Avas gradual return of A-oluntary control 
Avhich Avas more rapid for gross mo\-cments and 
AA-as nCA'cr entirely complete for fine moA-ement.s. 
There AA-tts no sp.i,sficity. 

Taa’o animals Avith lesions in anterior and t-.vo 
AA-ith le.sions in the jyisterior limb of the cap=ule 
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■demonstrated the same picture to a slightly less 
degree and showed more rapid recovery of volun- 
tary control. 

One animal in which a second complete lesion 
was produced, making it bilateral, exhibited 
marked rigidity and spasticity with very slow 
return of voluntary movement which was accom- 
panied by a coarse tremor on effort. After six 
months, the monke 3 ' can walk fairly well without 
support. 

Autonomic function and electroencephalogram. 
Chester W. Darrow, Julian H. Pathman (by 
invitation) and Gisela Kronenberg (by in- 
vitation) hist, for Juvenile Research, Chicago. An- 
alysis of results from 120 persons, aged 7 to 40, with 
systolic blood pressure above 110, on whom our 
data for autonomic and electroencephalographic 
change's during hypenmntilation are most com- 
plete, Indicates significant relationships; Voltage 
of predominant sinusoidal, rhythmic (alpha?) 
activitj’ above 6 per second gave correlations, r, 
of 0.28 with initial palmar skin conductance (sweat- 
ing), of 0.33 with initial heart rale, and of 0.48 with 
combined conductance plus twice heart rate (em- 
piricallj' determined weighting). Independence of 
frequencjf is shown by correlations of 0.38, 0.30, 
and 0.43 respectively when frequency range is 
limited to 10 ± 1 (N == 77). Frequencj' gave cor- 
relations for the 120 cases of only —0.20, —0.21, 
—0.21, with these measures. 

Since palmar sweating is sympathetically in- 
nervated, and since heart rate is accelerated by 
both sympathetic excitation and inhibition of 
parasj’mpathetic tone (the latter most important), 
it appears that presence of sympathetic tone and 
limitation of parasj'mpathetic tone relate to strong 
EEG potential. Correlations with combined meas- 
ures suggest synergistic action. The present finding 
maj* be but another of the numerous conditions 
where ph 3 ’siological influences favorable to cerebral 
vasoconstriction also increase EEG potential at 
alpha frcquencj’, and where those favoring vaso- 
dilatation decrease it. Concomitant effects of 
autonomic function on cell permeabilitj’ are prob- 
ably involved. That other phj'siological influences, 
COj, for example, contribute independently of 
autonomic impulses to these changes maj' well 
o.xplain wh\' still larger correlations are not ob- 
tained. 

Improvement of the electroencephalogram by 
atropine. Chester AY. Darrow, Julian H. Path- 
man (b\- invitation) and Gisela Kronenberg 
(bj' invitation). Inst, for Juvenile Research, 
Chicago. Incrc.asc b}’ atropine of high potential 
EEG waves in cats curarized with beta crj'throiden 
(J. Ncurophysiol. .■April 1944) caused us to an- 
tic! jxate similar effects in liuman cases. Finding of 
genera! improvement after atropine, to -(V 
gr. b\' mouth, required c.vplanation. 


Analj'sis of simultaneous autonomic and EEG 
records of these patients shows that improvement, 
involving decrease of slow, random sharp, and 
low-potential fast spiky waves, tends to occur 
following atropine when heart rate is concomi- 
tantly slowed, and aggravation when it is increased. 
Most often, slowing of heart rate is accompanied 
by a rise in blood pressure, but sometimes by no 
change. In both conditions sensitization of moder- 
ator (carotid sinus?) mechanisms, either directly 
b 3 ’' the drug or secondarily by the rise of blood 
pressure, may be involved. In either case, increase 
of carotid sinus controlled parasympathetic, chol- 
inergic impulses to the brain may be involved at 
the same time that there is a direct, though diffuse, 
anticholinergic (sedative?) action of atropine. 
When, as previously, high-potential slow waves are 
increased by hyperventilation after atropine, heart 
rate is most accelerated. 

Differences from earlier observations are at- 
tributed largely to the absence of beta erythroiden. 

The renal clearance of carbonic anhydrase. 
Horace W. Davenport. Dept, of Physiology, Har- 
vard Medical School, Boston. Large amounts of 
laked erythrocytes were injected intravenousl 3 '' 
into anesthetized dogs previously given water and 
sodium bicarbonate b 3 ’' mouth and creatinine 
subcutaneously. Plasms and urine were analysed 
for hemoglobin, carbonic anh 3 ’drase and creatinine. 
Plasma carbonic anhydrase values were corrected 
for the presence of the specific protein inhibitor 
found in dog plasma. 

Hemoglobin and carbonic anhydrase disappeared 
from the plasma at approximately the same rate. 
Less than 2% of the carbonic anhydrase appeared 
in the urine in 2J- hours. The ratio of hemoglobin 
clearance to creatinine clearance averaged 0.030 
and was relatively independent of the plasma 
concentration. The ratio of carbonic anhydrase 
clearance to creatinine clearance was never greater 
than 0.038, and it decreased sharply with decreas- 
ing plasma concentration. The total plasma car- 
bonic anhydrase concentration at which the 
clearance ratio was 0.01 was high when the plasma 
inhibitor content was high and low when the plasma 
inhibitor content was low. It is concluded that 
carbonic anhydrase (M.AV. = 30,000) when free 
in the plasma can be filtered through a small per- 
centage of the pores in the glomerular membrane, 
but the compound it forms with the protein in- 
hibitor (M.W. > 68,000) cannot bo filtered. 

Brilliant vital red and T-1824: Comparative 
studies. Philip Dow. Dept, of Physiology, Univ. 
Ga. School of Med., Augusta. Brilliant A^ital Red 
and T-1824 arc acknowledged to be the only two 
dyes whose rate of disappearance from the cir- 
culation is sufficiently slow to permit their use for 
the calculation of intravascular dilution. However 
ever there appear to be numerous unreconciled 
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■differences between results reported from the use 
■of the two dyes, and data in the literature are too 
inconsistent to permit rigorous comparisons. 

A firm linkage to plasma albumin has been 
shown to be closely related to the retention of 
those dyes in the blood. Some quantitative deter- 
minations of this linkage have been made in the 
•case of T-1824 (Rawson, 1942). The current stage 
■of this study applies similar spectrophotometric 
analyses to both dyes. Results so far are qualita- 
tively similar to those of Gregersen (1937) and 
Rawson (1942) but with important quantitative 
differences, some of which may be related to salt 
concentration. 

In practically salt-free solutions, the reactions of 
the two dyes to purified serum albumin are very 
much alike. There appears to be less difference 
between them than between water and saline 
solutions of either dye alone. In each case there 
arc two distinct families of absorption curves, at 
lower and higher concentrations of protein, whose 
critical analysis is in progress. 

Preliminary studies of the kinetics of the reac- 
tion between T-1824 and scrum albumin indicate 
cnli’ that it is not a slow process. (Crystalized 
bovine serum albumin was generously supplied 
by the Armour Laboratories.) 

The relation of the pancreas to the regulation 
■of the blood lipids. Lester R. Draostedt, J. 
Garrott Allen and E. Marie S.mitk (by invita- 
tion). Dept, of Surgery of the Univ. of Chicago. 
The following c.spcrimcntal observations suggest 
that the pancreas is intimately concerned with the 
regulation of the blood lipids. Total pancreatec- 
tomy in dogs causes a decrease in the total blood 
lipids toabout one half the normal level, confirming 
Cliaikoff and Kaplan. Complete occlusion of the 
pancreatic ducts or partial pancreatectomy plus 
occlusion of the ducts to the pancreas rcmnjint 
cause a decrease in the blood lipids, which occurs 
sooner and is even more marked than after total 
pancreatectomy. The oral administration of auto- 
claved pancreas or of fat-free alcohol c.xtracts of 
pancreas (liiracaic) raises the low blood lipids of 
Ibcse dogs to nearly normal values. The oral ad- 
ministration of fresh raw pancreas raises the low 
blood lipids to higher than normal levels, i.c. pro- 
duces hyperlipemia. The similar feeding of raw 
pancreas to normal dogs has no effect on the blood 
lipid concentration. Complete deviation of the 
p.ancrc.atic juice to the c.xtcrior by means of a fis- 
tula of the isolated duodenum docs not cause a 
fall in the blood lipids. Removal of 90 to 95 per cent 
of the iwncre.as le.aving the remnant in connection 
with a pancro,atic duct produces a persistent hyper- 
lipemia even if the diabetes is accurately controlled 
with insulin. The oral administration of autoclaved 
pancreas or of alcohol c.xtracts of iiancrc.as h.avc no 


effect on this hyperlipemia and the feeding of fresh 
raw pancreas raises the blood lipids still further. 

Effect of various ions on serum phosphatase 
activity during liver disease. Victor A. Drill 
and D. S. Riggs (bj' invitation). Dept, of Phar- 
macology, Yale Univ. School of Medicine and Lahy. 
of the Fairfield Stale Hospital, N^ew Haven and 
Newtown, Conn. Alkaline serum phosphatase was 
determined by the method of Bodansky. In both 
normal subjects and patients with hepatic damage 
MgSO< (O.OIM) had a slight stimulating effect on 
serum phosphatase activity, whereas NaF (O.OIM) 
was without any consistent effect. 

Concentrations of NaCN from O.OOOlM to O.IM 
had some inhibitory effect on the serum phos- 
phatase activity of 6 normal subjects, the in- 
hibition averaging 1.4 units of phosphatase per 
100 cc. of serum. In 19 patients with high serum 
phosphatase values (up to 23 units) due to liver 
damage, the addition of NaCN to the substrate 
inhibited most of the phosphatase activ'ity. This 
inhibition was nearly maximal with O.OOSM NaCN. 
With this cyanide concentration the phosphatase 
activity ranged between 0.78 and 4,64 units, and 
was not greatly decreased by increasing the cyanide 
concentration to O.IM. With maximal inhibition 
by cyanide the high serum phosphatase values of 
patients with hepatic disease were reduced to the 
same range as that of control patients. This would 
suggest that the increase in serum phosphatase 
activity during liver damage is due mainlj' to an 
alkaline phosphatase that is inhibited by cyanide. 

Effects of hexyl resorcinol and alkali on diffu- 
sion of insulin through various membranes. 
Robert L. Driver (introduced by J, R. Murlin). 
Dept, of Vital Economics, School of Medicine and 
Dentistry, Univ. of Rochester, Rochester, N. Y. 
A study has been made of the effect of hexyl 
resorcinol and alkali on the diffusion of insulin 
through the following membranes: sintered glass, 
mesenteric, egg, Cellophane and parchment paper. 
The amount of insulin diffused was calculated from 
nitrogen determinations. 

Hexyl resorcinol had no appreciable effect on 
the rate of diffusion through a sintered glass mem- 
brane, but decreased it by 30% through mesenteric 
membranes, by 70% through egg membranes, by 
30% through Cellophane and by 35% through 
parchment paper. Since he.xyl resorcinol is a power- 
ful surface tension lowering agent, and since it has 
been shown that surface tension is not a factor in 
the absorption of insulin from the intestinal tract, 
it was concluded that diffusion is not increased by 
a change in this physical property. 

Alkali (sodium carbonate-bicarbonate buffer 
with a pH of 10) inhibited the diffusion of insulin 
through egg, Cellophane and parchment paper 
membr3nc.s but increased diffusion through fresh 
mesenteric membranes. 
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However, the diffusion of insulin through each 
of the four membranes was increased when it took 
place in the presence of both hexyl resorcinol and 
alkali. 

The protective influence of mineral oil in ex- 
perimentally produced ulcers. Robert L. Driver 
(introduced by Emmett B. Carmichael). Dept of 
Physiological Chemistry, Univ. of Alabama, School 
of Medicine. In one group of experiments, loops of 
intestines of anesthetized dogs were subjected to a 
solution of 0.1% pepsin in N/HCl under a hydro- 
static pressure of 90 cm. of water. Perforated ulcers 
appeared in an average time of 82 minutes. In 
another group of experiments the loops were 
treated the same way except that in this case the 
loops were exposed to heavy mineral oil before 
being subjected to the pepsin-HCl solution. The 
average time for perforated ulcers to occur was 130 
minutes or an increase of about 60%. Considerable 
difference in the degree of damage was found in 
the two groups. In the loops not treated with min- 
eral oil necrosis occurred over the entire area down 
to the serosa while in the treated loops damage 
was chiefly confined to the mucosa or muscle layers. 

The experimental production of perforating 
ulcers with rennin in N/10 HCl. Robert L. 
Driver (introduced by Emmett B. Carmichael). 
Dept, of Physiological Chemistry, Univ. of Ala- 
bama, School of Medicine. It has been reported 
that the beneficial effect of milk in patients with 
ulcers of the alimentary tract may be due partly 
to the Ca content of the fluid (Driver, et al., Sci- 
ence 98: 158, 1943). The experiments described 
here suggest that milk may also exert its effect by 
reacting with rennin. Loops of intestines of anes- 
thetized dogs exposed to N/10 HCl under a pres- 
sure of 90 cm. of water perforated in an average 
time of 174 minutes. If rennin was added to the 
HCl solution in a concentration of 0.1% the aver- 
age time for perforations to appear was reduced to 
114 minutes. These experiments led to the conclu- 
sion that pepsin is not the sole enzyme responsible 
for “peptic” ulcers. 

The electrocardiogram of acute right ventricu- 
lar ischemia produced by air embolism. Tho.mas 
M. Durant (by invitation), Joan Long (by in- 
vitation) and Morton J. Ori’ENnm.MEn. Temple 
Univ. School of Medicine, Philadelphia, Penna. 
Acute right ventricular dilatation and ischemia 
w.as produced in a scries of dogs by the injection 
of air into the femora! vein. In the intact animal 
an injection of 25-50 cc. produced a mill-wheel 
munnur, a gallop rhythm, marked tachypnoea, a 
rise in venous pressure, and a very marked depres- 
sion of the S-T segments in leads II and III of the 
electrocardiogram. S[K)ntancous recovery often 
oceurred with rapid return to normal, and the same 
se<{uenceof events could be repeated several times. 

In open chest experiments with artificial anes- 


thesia a similar injection was seen to produce sud- 
den marked dilatation of right auricle and ventricle 
and the development of ischemia of the right ven- 
tricular outflow tract adjacent to the anterior de- 
scending branch of the left coronary artery. Air 
was found to be trapped in the pulmonary conus. 
Electrocardiographic leads from the area of ische- 
mia showed, first, a sharp inversion of the T-waves, 
followed rapidly by a gradual, but marked rise in 
S-T segments obliterating the earlier T-wave 
changes. When recovery' occurred there was a 
reversal of this sequence. Placing the animal on the 
left side was found to greatly favor recovery by 
displacing the air trap in the conus. The electro- 
cardiographic changes were the same with the vagi 
intact or severed. There was no significant change 
in blood pH or carbon dioxide concentration. The 
changes are shown to be those of mechanically 
induced right ventricular ischemia. 

The efi'ect of breathing 100% oxygen on ven- 
tilation volume and alveolar CO 2 tension. A. 
Edelmann (by invitation), W. V. Whitehohn 
(by invitation) and F. A. Hitchcock. Dept, of 
Physiology, Ohio State University, Columbus.^ 
The ventilation volume and alveolar CO 2 tension 
of normal male human subjects after breathing 
100% oxygen for periods up to 90 minutes has been 
determined and the results compared to similar 
data obtained while the subjects were breathing 
outdoor air. The experimental procedure was as 
follows. The subjects (under basal conditions) lay 
on a comfortable bed for at least 15 minutes. Then, 
while breathing outdoor air, the ventilation volume 
was determined by collecting the expired air in a 
spirometer of the chain compensated type. 

Collections of alveolar air were made. Both ex- 
piratory and inspiratory samples were taken each 
time. At the end of about 30 miputes (of breathing 
air) a valve was turned which connected the sub- 
ject to a supply of 100% o.xygen (Linde U.S.P.) 
and several (usually three) determinations of ven- 
tilation volume were made. Collections of alveolar 
air, as in the period of air breathing, were also 
made. All air samples were analyzed by' means of 
the Haldane air analy'sis apparatus. With .some of 
the subjects, control experiments were run in 
which the measurements made while breathing 
100% oxygen preceded those made on outdoor air. 

The results show that the ventilation volume 
while breathing oxygen is significantly' greater 
(average about 20%) than while breathing out- 
door air. The alveolar CO 2 tension was significantly 
lower on oxy'gen than on outdoor air. At present-no 
c.xplanation of the mechanism iiy which these 
changes arc brought about can be made. 

*Tbc work dcacribcfl in this abstract wa-i done under n con* 
tract rccfimmciidcd by the Corornittco on Medical UcMoarch, 
between the OfTicc of SciciUific Research and Development and 
the Ohio State Univenrity Research Foundation. 
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Human vascular pole structures of the glomeru- 
lus and renal hypertension. J, Geahah Edw.abds. 
Dept, of Anatomy, School of Medicine, Univ. of 
Buffalo. The vascular pole structures consisting 
of an epithelial plaque, a cluster of fibrocytes be- 
tween the afferent and efferent arterioles and a 
hyperplastic wall of the afferent arteriole are be- 
lieved by certain investigators to be causally re- 
lated to the origin of renal hypertension. Secretory 
granules are claimed to be observable in the fibro- 
■cyte cluster and in the cells of the wall of the affer- 
ent arteriole. But no such granules are demon- 
strable normally or otherwise and certainly not 
in correlation with the production of renin, the 
precursor of hypertension. 

In malignant hypertension, the fibrocyte cluster 
is frequently atrophic. Cellular changes in the 
cluster and in the wall of the afferent arteriole 
follow those in the interstitial tissue and renal 
arterial system, respectively. In interstitial 
nephritis cells of the cluster reflect closely tliat 
condition. Likewise, in proliferative or necrotizing 
arteritis or artcriolitis, the afferent arterioles are 
similarly affected as the renal arteries in general, 
especially those in the renal corte.x. Thickened 
afferent arterioles lacking internal elastic mem- 
branes and described as normal in mammals gen- 
erally, are not normal regardless of the mammals’ 
state of health. The internal clastic membrane 
breaks down progressively as the afferent arteriole 
becomes hypertrophic, hyperplastic or degenera- 
tive. 

The only renal structure suggestive of a causal 
relation to the origin or maintenance of renal 
hypertension as observed under a variety of con- 
ditions is the epithelial plaque, a unilateral modi- 
fication of the tubule as it iiasses the vascular 
pole of the glomerulus. 

The effect of gold chloride on plasma ascorbic 
acid in the rat. HunnEiiT Ewt.man and Ratmund 
L. ZwEMEn. Dept, of Anatojny, College of Physi- 
cians ami Surgeons, Columbia Univ. Gold chloride 
was administered to a series of rats intraperitonc- 
ally in aqueous solution and the plasma ascorbic 
acid determined by the method of Farmerand Abt. 
In 7 nits receiving 9 doses of 15 mg. of gold jicr kg. 
in the course of two weeks, the plasma ascorbic 
acid dropped from an initial average of 1.07 mg. % 
to 0.30 mg. %. Two of the rats were kept for 3 
additional weeks and given 5 additional doses of 
15 mg. gold per kg., followed by 8 doses of 20 mg. 
gold ])cr kg., resulting in final plasma ascorbic acid 
value.s of 0.13 and 0.2S mg. fc - Similar results were 
obtained with lower dos3gc,“ in rats and in a pre- 
• liminary serie.s of guinea iiigs. The distribution of 
the gold in the tissues is being studied by histo- 
li)gir.al method.s. j.lfdcrf by a grant from the Jo.siah 
-Iffify, Jr. Foundation.] 

The effect of emotions on the occurrence of 


pain. W. P. Elhakdt (introduced by W. E. 
Burge). Physiology Dept., Univ. of Illinois, Ur- 
bana. A war veteran kept a record of his emotional 
states and their effect on the occurrence of pain 
resulting from a gunshot wound of the shoulder 
and hand. He attempted to correlate the occur- 
rence of pain with e.xcitement, anger, despair, 
sorrow and worry. He obtained the excitement 
stimulus by going to athletic events; the sorrow 
stimulus by going to sad movies and reading de- 
pressing stories ; he experienced anger at various 
times as a result of arguments and other aggravat- 
ing incidents ; worry stimulus he got by worrying 
over business transactions; and despair was ex- 
perienced at irregular intervals from various 
causes. These records were kept over a period of 
four years, and they show that pain accompanied 
excitement 85% of the time; sorrow, 92% of the 
time; anger alone was accompanied by pain about 
55% of the time ; worrying about business transac- 
tions and other conditions produced pain 90% of 
the time. The most effective producer of pain was 
a combination of anger followed by despair. This 
condition showed a correlation of 100%. The re- 
sponse from anger and e.xcitement would suggest 
the release of adrenalin, but the subcutaneous in- 
jection of adrenalin with a resultant rise in blood 
pressure of 32 mm. of Hg failed to produce any 
subsequent pain. The results of the accumulated 
data seem to show that emotions have a very pro- 
nounced effect on the occurrence of pain resulting 
from traumatic injury. 

The efficiency of grade walking on the treadmill. 
Lester Erickso.v (by invitation), Ernst Simo.n- 
so.v and Ancel Kevs. Laby. of Physiological Hy- 
giene, Univ. of Minnesota, Minneapolis. The 
respiratory metabolism of two normal men was 
measured before, during and after treadmill walk- 
ing at speeds of 2.5, 3.0, 3.5 and 4.0 m.p.h. at each 
of grades zero, 5%, 7.5% and 10%. Dietary and 
environmental conditions were constant. Re- 
peated measurements at 5 minute intervals in 
work agreed within ±3% and similar constancy 
was obtained in replication of entire c.xpcriments 
on different days. 

The efficiency of climbing was calculated from 
the excess cost of grade versus level walking. 
Maximum efficiency at all grades was obtained at 
3.0 to 3.5 m.p.h. The highest efficiency w.as 
achieved on a 5% grade, reaching 40.3% in one man 
and 35.2%. in another. The greatest variations in 
efficiency occurred at the conditions of optimum 
grade and rate. The natural fre<iucncy of steps was 
dependent on the speed and independent of the 
grade. Both pulse rate and o.xygcn debt increa.scd 
in linear progression with the energy expenditure, 
whether the incrc-a-'c w.as obtained by variation of 
sj)ccd or of gradc.s. The coefficient.^ of correlation 
between energy expenditure and pulse wa.s -f 0.972 
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(t = 15.35), and between energy expenditure and 
oxygen debt was +0.976 (t = 16.9). 

Comparative anticonvulsant and hypnotic action 
of some barbituric acid derivatives. G. M. Ever- 
ett (by invitation) and R. K. Richards. Depi. of 
Pharmacology, Abbott Labs., North Chicago, III. 
Standardization of a technique to determine the 
protective action of drugs against Metrazol convul- 
sions has made possible a critical comparison of 
various barbituric acids for their hypnotic and 
anticonvulsant action in mice. Dimethyl barbituric 
acid (1) has no hypnotic or anticonvulsant action. 
However, trimethylbarbituric acid (2) shows 
remarkable anticonvulsant activity in mice and 
cats in doses which produce no sedation. The hyp- 
notic dose is above 1 gm./kg. With l-methyl-5- 
methyl-5-ethylbarbituricacid (3) hypnotic proper- 
ties are more pronounced. Anticonvulsant action 
with non-sedative doses is somewhat less than 
(2). l-methyl-5,5-diethylbarbituric acid (4) is a 
more powerful hypnotic than (3) but in non- 
sedative doses showed anticonvulsant activity 
equal to (2) . Phenylethylbarbituric acid is a power- 
ful hypnotic and also an effective anticonvulsant 
in doses producing slight ataxia, l-methyl-5- 
phenyl-5-ethylbarbituric acid has marked hyp- 
notic properties but is an effective anticonvulsant 
only in doses producing ataxia. In contrast to these 
drugs is dicrotyl barbituric acid which is a central 
excitant but also an anticonvulsant. 

Higher saturated aliphatic members such as 
pentobarbital and octylethylbarbituric acid show 
powerful hypnotic properties but relatively poor 
anticonvulsant activity even in doses causing seda- 
tion and ataxia. 

The renal reabsorption of amino acids in dogs. 
Histidine, arginine and lysine.' Frederick P. 
Ferguson (by invitation), Frances T. Byer 
(by invitation) and A. G. Eaton. Dept, of Physi- 
ology, Louisiana Stale Univ. Medical Center, New 
Orleans 13. The renal reabsorption of the three 
basic amino acids, arginine, histidine, and lysine, 
in unancsthetized female dogs has been studied by 
determining simultaneously the clearance of inulin 
or creatinine and that of the monohydrochloridc 
of the particular acid under consideration. Plasma 
amino-nitrogen levels ranged between 5 and 40 
mg. % and amino-nitrogen filtration rates between 
5 and 40 mg./minute/sq. meter of body area. Of 
the acids studied, histidine is most rapidly reab- 
sorbed. Increasing amounts arc reabsorbed as the 
pl.asma level is raised, and there is little tendency 
to plateau at levels reached in our experiments. 
This is in accord with results obtained with glycine 
by Pitts (.'Vm. J. Physiol. 140: 156, 1943) and by 
ourselves (unpublished ob.servations). The reab- 
sorption of arginine is much slower than that of 


histidine at corresponding plasma levels, and there 
is an early tendency to plateau. While the results 
with lysine are somewhat erratic, its reabsorption 
is undoubtedly slow. The results with these three 
acids parallel those obtained by studies of the rates 
of absorption of the same acids from the intestine 
(Doty and Eaton, Am. J. Physiol. 123: 53, 1938) 
and suggest but by no means prove that the mech- 
anism is the same in both cases. Both reabsorption 
by the kidney tubules and absorption from the 
intestine of these acids display a remarkable paral- 
lelism with the rates of deamination studied by 
Eaton and Doty (J. Nutrition 17: 497, 505, 1939; 
21:25,1941). 

Seasonal variation in the threshold of the 
turtle's vagus nerve as shown by the activity of 
the heart and stomach. Dorothy Fetter. Brook- 
lyn College, Brooklyn, N. Y. An alternating cur- 
rent was led through a rheostat and then through 
the electrodes with which the turtle’s vagus nerve 
was stimulated. The amount of current from the 
rheostat was recorded by a voltmeter. Acute ex- 
periments were performed once a week from Febru- 
ary 29th to August 17th. To stop the heart, the 
right vagus required a threshold of 0.4 to 0.5 volts 
during March, April, and May. From June through 
August the threshold was usually about one volt. 
(Extremes 0.75 to 1.5 volts.) The left vagus thresh- 
old during March and April, was usually between 
0.6 and 0.7 volts. From May through August the 
left vagus effect required 1.3 volts. (Extremes O.S 
to 3.5 volts.) 

In most experiments the stomach went ihto ac- 
tivity at the same threshold which stopped the 
heart. The exceptional cases showed higher thresh- 
old values for stomach activity with the right vagus 
and lower for the left. The right vagus has a pre- 
dominating effect on the turtle’s heart and the left 
vagus predominates on the stomach. The heart 
threshold becomes high during the summer which 
seems adapted to the animal’s activity, but the 
stomach threshold also becomes high which is not 
so adapted. 

Previous experiments showed that potassium 
and strophanthin lowered the vagus threshold for 
the heart and raised it for the stomach (Howell, 
Am. J. Physiol. 15: 28, 1905; Fetter, Coombs, 
Pike, Am. J. Digest. Dis. 10: 303, 1943). Adminis- 
tration of these drugs intravenously or by stomach 
confirmed the above experiments. No variation 
occurred with the season. 

The response of respiratory and locomotor 
muscles to exogenous acetylcholine. John C. 
Finerty (by invitation) and Rodert Gesei.t,. 
Univ. of Michigan. Contractions of the muscles of 
breathing (rectus abdominis, mylohyoid, and 
geniohyoid of the frog, mylohyoid of the turtle 
and diaphragm of the alligator) cliciteil by immer- 
sion in an acetylcholine containing Ringer’s solu- 
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tion were potentiated by the addition of carbon 
dioxide. Contractions of muscles primarily loco- 
motor in function (sartorius, peroncus and gracilis 
of the frog) were weakened. When, however, the 
carbon dioxide content of the external acetyl- 
choline environment was increased but the cH 
was maintained at a constant value by proper addi- 
tions of sodium bicarbonate and carbon dioxide to 
the Ringer’s solution the contractions of both 
locomotor and respiratory muscles were potenti- 
ated. This potentiation of contractions of locomotor 
muscles is thought to be similar to that produced 
by carlx)n dioxide on respiratory muscles, for if 
carbon dioxide enters the muscle fiber more rapidly 
than bicarbonate (Jacobs) it should increase intra- 
cellular cH and delay hydrolysis of acetylcholine 
at the motor end plates and thus increase the 
intensity of humoral stimulation. 

It is suggested that the prevention of potentia- 
tion of response of locomotor muscles to acetyl- 
choline by carbon dioxide may be an evolutionary 
adaptation favoring a limitation of potentiation of 
contractions to- the respiratory muscles proper 
during conditions of respiratory stress. The lesser 
sensitivity of the cord to asphyxia as compared 
with the medulla, noted by Mathison, and King, 
Carrey and Bryan, and others, may bo regarded 
as another.adaptation tending to prevent unneces- 
sary locomotor activity immediately after the 
need of augmented muscular activity has ended. 
It is pointed out that cholinergic motivation of end 
organs and nerve colls shows evidence of being 
highly adapted to the variable requirements of 
the cholinergic system. 

The influence of electrical daily stimulation 
upon the changes in muscle proteins during dc> 
nervation atrophy. Ernst Fischer and Virginia 
W. Rasisey (by invitation), Baruch Center of 
Physical Medicine, Medical College of Virginia, 
Itichniond. In rabbits with both hind legs dc- 
nervated, one gastrocnemius was tctanically stim- 
ulated vigorously with suitable electrical currents 
for short periods twice every day. After 14 days of 
treatment (15 days after dcnorv'ation), the weight 
and the isometric strength of the trc.atcd muscles 
were in the average 12.5% higher than those of the 
untreated muscles. Since weight and strength 
were increased by the treatment to the same ex- 
tent, no improvement in contractile power per gm. 
muscle occurred. The increase in protein content 
was slight (from 175 to 178 mg./gm. muscle), but 
tile amount of the LiCl-solublc fraction was much 
more distinctly increa.sed (from 50.8 to 60.2 mg.). 
The fraction of the protein content of the crude 
extmcls which could be obtained ns purified myo- 
sin was also distinctly incre.ascd for the treated 
muscle. All these ehanges in muscle proteins pro- 
duced by the electrical treatment arc in the opjw- 
site direction of the changes c.auscd by atrophy. 


However, with the exception of the purified myo- 
sin fraction obtainable per protein content of the 
crude extracts, treatment failed to re-establish 
normal protein condition. Myosin from treated 
muscle were not more spinnablc into thread than 
those from untreated muscles; and birefringence 
of othenvise comparable threads were the same for 
threads from treated and untreated muscles. 

Changes in muscle proteins during denervation 
atrophy. Ernst Fischer. Baruch Center of Physi- 
cal Medicine, Medical College of Virginia, Rich- 
mond. In rabbits v/ith one hind leg denerv’ated, 
the course of atrophy of the gastrocnemius muscle 
was investigated by determination of isometric 
strength, weight, water content, protein content, 
amount of LiCl -soluble protein and amount of 
purified myosin obtainable. The weight loss is 
rapid for the first 18 days, but changes then rather 
abruptly into a relatively slow one (muscle weight 
at 18th day 58% of original weight; at 75th day 
42%). During the first (quick) phase of atrophy, 
the isometric strength elicited by appropriate 
direct electrical tetanic stimulation diminishes 
with the same rate as the weight, thus leaving the 
contractile power (strength per gm. muscle) unal- 
tered. However, during the second (slow) phase of 
atrophy, the contractile power diminishes (to 46% 
on the 75th day). From the onset of atrophy, the 
protein content per gm. muscle declines at a con- 
stant rate (normal muscle 187 mg.; atrophied 
muscle at 75th day 104 mg.). This loss in total 
protein is mainly due to loss of the LiCl-soluble 
protein fmetion, which diminishes from 83.0 mg. 
to 11 .7 mg. at 75th day. With progressing atrophy,, 
the fraction of the protein content of the crude 
extmets which could be obtained as purified myo- 
sin declines constantly (normal muscle 50.0%, 
75th day of atrophy 42.6%). Thus the amount of 
myosin obtainable per gm. muscles diminishes 
during 75 days of atrophy from 47.5 mg. to 5.5 mg. 
However, the myosin from atrophied muscles is 
less spinnablc into threads than myosin from nor- 
mal muscle; and birefringence of otherwise com- 
jiarablc threads is distinctly less for those from 
atrophied muscles. 

Comparative effectiveness of extracts of in- 
testinal mucosa in stimulating the external secre- 
tions of the pancreas and the liver. M. H. F. 
Friedman and W.m. J. S.vapb (by invitation). 
Dept, of Physiology, Jefferson Medical College. 
Extracts of muco.sa of the hog’s small intestine, 
prepared by different procedures, were tested for 
their iwwcr to excite the external secretion of the 
pancreas and the flow of liver bile. .All assays 
performed on unancsthctirc>’ '■■■ 

juice was collected by temj: 
of the p.m— . : ■ ^thni-'’ 

fistula, wh "Sc ,, 

cliolccysi ■ iil-, 
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the common bile duct. Each of the extracts was 
administered intravenously in standard doses. 

No correlation was found between the secretin 
effects and the choleretic effects of the extracts. 
While all potent secretin preparations also were 
effective in stimulating secretion by the liver, 
not all extracts which were effective on the liver 
were effective on the pancreas. It is suggested that 
at least two substances effecting the liver may be 
extracted from the mucosa of the small intestine: 
one stimulates the liver but is without influence 
on the pancreas while the other is probably in- 
timately related to, if not identical with, secretin. 

Correlation between enzyme content and spe- 
cific gravity of pancreatic juice. M. H. F. Fried- 
man and J. Earl Thomas. Depl. of Physiology, 
Jefferson Medical College, Philadelphia. The spe- 
cific gravity, lipolytic activity and tryptic activitj^ 
of dog’s pancreatic juice were determined. The 
pancreatic juice was obtained from five trained 
unanesthetized dogs by direct intubation of the 
pancreatic duct thru a fistula of the duodenum. 
Pancreatic secretion was elicited by intestinal 
administration of peptone, soap, and hydrochloric 
acid as well as by intravenous administration of 
secretin. Lipase and trypsin concentrations were 
determined photoelcctrometrically on tributyrin 
and albumin substrates respectively. Prolipase was 
activated by the means of sorbitan oleate incor- 
porated with the substrate and trypsinogen by 
means of enterokinase obtained from the dog’s 
intestine. Peptone produced a secretion of high 
lipolytic and tryptic activity and specific gravity, 
hydrochloric acid and secretin gave a secretion of 
low enzymatic activity and specific gravity, while 
soap was intermediate in effect. The enzymatic 
activity of pancreatic juice was found to bear a 
definite and almost roctalincar relationship to the 
specific gravity. The degree of correlation between 
enzyme concentration and specific gravity was 
characteristic of each dog. 

The electrical activity of single optic nerve 
fibers in cats. Robert Gadambos and Karl 
Lowy (l)j' invitation). DepL of Psychology, Univ. 
of Rochcslcr. Thirteen cats were used in this study. 
They were immobilized by deccrebration or Dial 
anesthesia. With Ringer-filled micropipets (3-5 
H opening) inserted into the optic nerve behind the 
eyeball, the clectric.al discharge of more than 75 
fibers was isolated and recorded photographically 
from a cathode-ray tube-face. Light stimulation 
was supplied by a 150 watt bulb ; intensity was con- 
trolled by Wratteri neutral filters, color by Wrat- 
ten color filters. 

Most fibers studied showed spontaneous dis- 
charge in darkness. As regards response to white 
light, four fiber-types were identified. Ov'or half 
reacted to both “on” and “off” of the stimulus by 
increased discharge. A Ics.ser number showed in- 


creased activity only during "on” although an 
after-discharge was sometimes observed. A few 
fibers stopped all activity within about one second 
after “on.” Of these, some showed a brief, but 
definite, "off” discharge as well. Finally, an 
occasional fiber discharged only at “off” although 
its spontaneous activity, if present, was inhibited 
b}”^ “on.” No fiber isolated exhibited specific 
color reactions. 

These results confirm, in the main, the findings 
recently related by Granit (J. Phy'siol. 103: 103, 
1944). They support his theory that the sensory 
impulses leaving the rdtina are the resultant of 
complex excitatory' and inhibitory processes as y'et 
not clearly understood. 

Effect of vitamin B complex on higher nervous 
activity. W. Horsley Gantt and M.ax Wintrobe 
(by invitation). Pavlovian Laby., Phipps Psychia- 
tric Clinic and Dept. Medicine, Johns Hopkins 
Univ. Four dogs were subjected to diet deficient 
in one or more vitamins of the B group. These 
animals had previously been in the laboratory 
several years during which time they elaborated 
conditional reflexes to different auditory stimuli 
connected with faradic shock to foreleg. When the 
animals had had a 100% differentiation between 
two tones for some months they were given the 
deficient diet, which was exactly the same quan- 
titatively and qualitatively as the control diet 
o.xcept tlie vitamins which had been given in cap- 
sules were omitted. After 4 to 15 days the animals 
showed disturbances in the conditional reflexes 
which became progressively worse; this disturb- 
ance consisted in failure to differentiate notwith- 
standing repeated practice. There was no observ- 
able behavioristic nor demonstrable neurologic 
changes (hopping, placing, tendon, or sexual re- 
flexes) during the two month period of the de- 
ficiency. Return to the adequate diet restored the 
differentiation. At a subsequent period after sev- 
eral months of perfect differentiation the dogs 
were put on the same' deficient diet and there was 
again an impairment of conditional reflex equilib- 
rium which was restored to normal a second time 
when the animals were returned to the adequate 
diet. Noteworthy was the loss of equilibrium be- 
tween the conditional reflexes without any other 
observable changes in behavior or blood. These 
experiments suggest the need of daily adequate 
amounts of at least some of the vitamin B group 
for optimal mental performance, the requirement 
for which may be in excess of the need for physical 
health and muscular work. 

The effect of dcsoxycorticostcrone acetate on 
the heart weight of adrenalectomized rats. JosErn 
H.Gast (introduced by .fames A. Greene). Dept. 
of Jiiochonistry, Baylor Univ. College of Medicine, 
Honston, Texas. Numerous papers in recent years 
luivc described the effects of overdosago with do- 
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soxycorticosterone in animals and humans. Much 
of this work either has been done on normal animals, 
or has followed the administration of enormously 
excessive doses, or has not included a careful evalu- 
ation of the diet. 

The present study was undertaken to observe the 
effect on the heart weight of desoxycorticosterone 
acetate injections just slightly in excess of the 
maintenance requirement for adrenalectomized 
animals in a good state of alimentation. 

Adrenalectomized male and female albino rats 
were maintained on a diet adequate in protein and 
vitamins but with variable known intakes of 
sodium and potassium. Desoxycorticosterone ace- 
tate was injected subcutaneously at different levels 
and the animals were killed at varying intervals 
during treatment. The hearts were weighed and 
compared with expected heart weights calculated 
from final body weights by the formula of Rytand 
(J. Clin. Investigation 17 : 391, 1938). 

The results obtained under these conditions indi- 
cate that the relation of actual heart weight to cal- 
culated values is dependent on the level of de- 
soxycorticostcroue administered and the sodium 
and potassium intake. Examination of the hearts 
show neither gross nor microscopic lesions such as 
appear in extreme potassium deficiency or with 
excessive overdosage of desoxycorticosterone. 

These results bear out the clinical experience 
with desoxycorticosterone in Addison’s disease and 
furnish experimental evidence of the importance 
of the relation of sodium and potassium intake to 
dosage level of desoxycorticosterone in treating 
adrenalectomized animals to prevent the jrossi- 
bility of cardiac enlargement. 

Adrenal medulla in water diuresis and water 
intoxication. Robeut Gaunt, M.AnoARET ConusEN 
(by invitation) and Mildred Lilino (by invita- 
tion). Dept, of Bioloyy, Washington Sguarc College 
of Arts and Science, New York Uriiv. .adrenalec- 
tomy reduces the diuretic response to water and 
increases the susceptibility to water intoxication — 
a deficiency generally attributed exclusively to 
cortical ablation (Evcrsolc, cl al. ’40). Stein and 
Wertheimer have, however, reported experiments 
on dcincdullated rats showinga diminished diuretic 
response to water and a “markedly enhanced sus- 
ceptibility to water intoxication” and found that 
these effects were rep.arablc by cpinciihrinc injec- 
tions. 

Wo liave extciuied earlier observations by nietli- 
ods of Gaunt (Ihidoerinology 31: 4(XI, Ifil-I) with 
following rc.^ults ; 

I. In nits tested 3 or more weeks after bilateral 
demediillation, there was no deficiency in tlie ex- 
cn'lion of 5 doses of water {'2~> tests), and normal 
susceptibility to the toxic effects of 13 do.ses (14 
tests). In all respects normal and demednllatcd 
animals behaveil alike. 


2. Epinephrine injections (30 micrograms/lOff 
gm. or more) increased diuresis both in normal and 
adrenalectomized animals, but gave little if any 
protection against toxic doses of water. (See also 
abstract by Hays and Mathieson in this journal.) 
The lack of definite protection against water in- 
toxication was possibly associated with inereased 
chloride excretion induced by epinephrine. 

The pharmacological effects of injected epineph- 
rine arc clear in experiments of this type. The 
lack of corresponding deficiency phenomen.a in, 
animals without adrenal medullae raises a question , 
however, as to the physiological significance of the 
medulla in the diuresis that follows water ingestion 
in normal animals, or in the lack of such diuresis 
following adrenalectomy. (Aided by a grant from 
the Josiah Macy , Jr. Foundation.) 

Water diuresis in pantothenic acid deficiency 
and its possible relation to adrenal function. 
Robert Gaunt, Mildred Liling (by invitation) 
and C. W. Mushett (by invitation). Depl. of 
Biology, Washington Square College of Arts and 
Science, N. Y. Univ., and Merck Inst, for Thera- 
peidic Research, Rahway, N. J. Morphological 
evidence of adrenal cortical damage, but no con- 
clusive evidence of impaired function, has been 
reported in pantothenic acid deficiency. 

When adrenal function is depressed the diuretic 
response to water is subnormal and susceptibility 
to water intoxication is increased. Such responses 
to water are not seen in several other states of de- 
bilitation in which adrenal function is presumably 
normal (Gaunt ct al., unpublished). 

Accordingly water diuresis and intoxication tests 
were made in rats maintained on a purified diet pre- 
sumably adequate in all respects, but lacking in 
pantothenic acid. The animals showed reduction in 
growth rate, coarse hair and achromotrichia. Con- 
trols were of three types: 1, pair-fed rats of the 
same age, fed a balanced purified diet; 2, animals 
of the same age fed ad lib the diet used in 1; 3, 
normal animals of the same size fed ordinary stock 
diet. 

When 5 doses of water were given by stomach 
lube (methods of Gaunt, Endocrinology 3-4: 400, 
1944 ) the pantothenic acid deficient animals showed 
a delayed diuresis, and when 13 doses were given 
a decreased resistance to water intoxication. 

These deficiencies in handling water wore com- 
pletely relieved and resistance to water intoxica- 
tion increased to normal by the administration of 
3 mg. of de.soxycorticostemnc phi.s 1 or 2 cc. of 
adrenal cortical extract. 

The abnormality in water metalKjlism of panto- 
thenic acid deficient rats suggests that :idren:d in- 
sufficiency may exist, but docs not conclusively 
prove such a hy|)olhe.si,s. (Aiiled by a grant to H. G. 
from the Josi:ih Macy, Jr. I'ouiukition.) 

.Mxcolar oxygen tensions and oxygen satura- 



26 


FEDERATION PROCEEDINGS 


private ones of the toriters and are not to be construed 
as official or reflecting the views of the Navy Depart- 
ment or the naval service at large. ] 

Further studies on the preparation of extracts 
of marine oils capable of reducing the blood 
pressure of hypertensive animals. Arthur Grolu- 
MAN. Dept, of Experimental Medicine, The South- 
western Medical College, Dallas, Texas. Earlier 
studies (Fed. Proc. 3 : 15, 1944) have demonstrated 
the capacity of various oxidized marine oils to 
lower the blood pressure of animals (rat, dog) 
rendered hypertensive by various manipulations 
on the kidney. It has been possible to obtain the 
active principle responsible for this action in an 
aqueous solution. This was accomplished b3'' stir- 
ring the active oil with a suitable absorbant 
(amberlite), treating the resulting product re- 
peatedly with a solvent (petroleum ether or skelly- 
solve) until the last traces of adhering oil are re- 
moved, and desorbing the active principle with 
diluted aqueous alkali. The resulting aqueous 
solution retains the blood pressure-reducing action 
of the original oil when administered orally to the 
hypertensive animal. 

A toxic factor in ischemic compression shock.* 
Harold D. Green, Georges A. Bergeron (by 
invitation) and G. A. Gustaphson (by invitation). 
Depts. of Physiology and Biochemistry, Westerri 
Reserve Univ. School of Medicine, Cleveland, 0., 
and The Bowman Gray School of Medicine, Wins- 
ton-Salem, N. C. In a recent publication we 
postulated that the death with a shock like course 
which followed restoration of the circulation to the 
hind limbs of dogs after a 0 hour period of ischemic 
compression was due in part to release of a toxic 
factor (Am. Jour. Physiol. 142:494, 1944). 

This has been tested b3' crosstransfusing 10 shock 
dogs with an equal number of test dogs (See Denni- 
son and Green, Rev. Sci. Instruments — in press — 
for method). Since all the shock dogs died whereas 
all tost dogs survived without even a temporar3" 
decline of arterial pressure it is concluded that no 
substance is released which is capable of inducing 
the shock state in an otherwise normal dog. 

Since the urinaiy output falls shortly after re- 
lease of coniprG.ssion in the shock dogs, a similar 
crosslransfusion was performed between G shock 
dogs and G dogs whose ureters had been ligated just 
before start of the crosstransfusion. This stud3' was 
controlled b3’ a similar erosstnrnsfusion between 3 
pairs of dog.s all of whoso ureters were ligated. All 
dogs of both series died but the test dogs of the 
former .series all died sooner than the shortest sur- 
vivor of the control group. It is concluded, there- 
fore, that a toxic factor is present in the blood of 
the shock dog.s which contributes to their death 
in the [)resenco of renal failure. 


The effect of ergotamine on the external and 
internal secretion of the pancreas. Harry Green- 
GARD, C. D. Collins (by invitation) and A. ,C. 
Ivy. Dept, of Physiology, Northwestern Univ. 
Medical School, Chicago, III. It has been observed 
b3’' us that ergotamine and dihydroergotamine will 
markedly inhibit or abolish the response of the 
pancreas to secretin ; the duration of the inhibition 
is an hour or more after the injection of one milli- 
gram of material. The inhibition is apparently 
specific for secretin, since ergotamine does not 
affect the secretor3'^ response of the pancreas to 
prostigmine or to epinine, hence it apparently does 
not act b3’^ causing a functional obstruction of the 
pancreatic ducts. In view of a report of a patient 
who evidenced clinical signs of pancreatic insuffi- 
ciency after taking ergotamine overa period of years 
for the relief of migraine headaches, an attempt was 
made to duplicate such a condition in dogs by daily 
injections of ergotamine. Over a period of several 
months, these animals have developed no definite 
signs of deficiency of the external secretion. This 
may be due to the large factor of safety which op- 
erates in the external secretion of the pancreas, and 
also to the fact that when inhibition of secretion by 
ergotamine is not complete, the juice collected is 
rich in enzymes. However, some of the animals 
evidenced a moderate glycosuria after being given 
ergotamine for several weeks. Oral glucose tolerance 
tests indicate alterations in the directions of a 
lowered tolerance, increasing with the duration 
of ergotamine treatment. Hence ergotamine ap- 
parently inhibits both the external and internal 
sccretor3f activity of the pancreas. The manner in 
which it does so is at present obscure. 

The preparation and biological assay of a pan- 
creozymin concentrate. Harry Greengard and 
A. C. Ivy. Dept, of Physiology, A"orthwesiern Univ. 
Medical School, Chicago. We have previous^’ re- 
ported (Science 99: 350-351, 1944) that in the 
separation of extracts of the intestinal mucosa, the 
pancrcoz3'-min activity is present in the fraction 
precipitated b3’’ aniline in the course of the proced- 
ure for the isolation of secretin. Traces of secretin, 
and a considerable amount of other material, nia3' 
be removed from the aniline precipitate by two 
extractions with methyl alcohol containing 1 pe*" 
cent of HCl. The residue from this treatment is a 
white powder, freely soluble in water, and contains 
no secretin, cholec3’stokinin, or vasodepressor sub- 
stances. It is conveniently assayed by the following 
procedure: — a dog with the pancreatic duct can- 
nulatcd is given repeated injections of secretin in 
a dosage adequate to elicit about 3 ce. of pancreatic 
juice in 15 minutes, and the collections from the 
first 4 injections are discarded. The responses to 
the fifth and sixth injcctionsarc divided into3-min- 
ute fractions and kept for cnz3'mc anal3’6is, and on 
the seventh and eighth injections, the pancreozy- 


I Supj>:iric<I by iv grant from the* Cotnmanwcalth Fund. 


.•UIERICAN PHYSIOLOGICAL SOCIETY 


27 


min is added to the secretin, the juice collected is 
similarly fractionated, and the enzyme content 
compared with that of the control samples. The 
unit of pancreozymin may be defined as the amount 
which will raise the enzyme content of the second 
3-minute fraction to the level of the first. In the 
case of the concentrate described above, 5 milli- 
grams of material has thi.5 effect. A comparison of 
this material with a sample sent by Dr. Ilaper, 
prepared by fractionation with bile-salts, reveals 
that the two products are of approximately equal 
potency, but that Raper’s material contained de- 
tectable amounts of secretin. 

The fractional response of the pancreas to “im- 
pure and pure secretin”. H.^nny GnEENCAnn, D. 
F.'Duttox (bj' invitation) and A. C. Ivy. Depl. of 
Physiologu, Norlhwcslern Vniv. Medical School, 
Chicago, III. When the dog’s pancreas was stimu- 
lated to secrete by a single injection of a secretin 
concentrate (SI) or bj' pure secretin prepared by 
regeneration from the crystalline picrolonate, it 
was noted that the first and last portions of the 
secretion, particularly the former, were of ap- 
parently greater density than that which was 
elaborated when the secretory response was at its 
height. Determinations of the enzyme content of 
the juice collected at 2-3 niinutc intervals following 
a single stimulus revealed that these apparent 
density differences were related to tlio enzyme 
content, in that the first portion was high in 
enzymes, whereas the portion collected while the 
secretory rate was maximal was enzyme-poor. An 
immediate repetition of the secretin injection after 
a return of the pancreas to the basal rate resulted 
in a similar secretory response, with the enzyme 
content of each fraction at a lower level. When the 
injections were repeated several times, it was 
noted that the pattern of the response, with regard 
to the volume and enzyme content of each fraction, 
became quite eonstant. The type of response was 
similar for both SI and inire secretin, except that 
in the former ease the enzyme content of each 
fraction of juice collected was higher, since SI con- 
tains botli secretin and pancreozymin. When pure 
secretin is injected, the juice collected at the 
height of the .stimulus is remarkably low in en- 
zymes. These results are not obtaincil by a con- 
tinuous injection of secretin at a constant rate; 
when this is done, the enzyme content renmins 
con.stant after an initial stabilization, and varies 
inversely with the secretory rate. .Vpiiarently the 
pancre.a.s jwsse.sses the pn)perty of prompt n>gcn- 
eration of its enzymes. Tliis does not depend on the 
oper.ition of the animal’s intrinsic panereozymin 
incchaiu^m, as evidenced by the finding Hint in a 
dog with the entire int(‘stinal tr.ict removed, the 
fractional resiwnse of the jxuicrcas to Ixith FI and 
pure seen’tin iiresented no (ieviations from that in 
animals with the .aliment.ary tract int.act. 


Comparison of plasma volume measured with 
the blue dye T-1824 and with beef albumin,' beef 
globulin' and the pneumococcus polysaccharide 
SIIR, M. I. Gregersen, A. A. Boyden (by in- 
vitation) and J. B. Allison (by invitation). Dept, 
of Physiology, College of Physicians and Surgeons, 
Columbia Unit'., and Dept- of Zoology, Ruigers- 
Univ. The e.xperiments were done on dogs. Meas- 
ured amounts of dye and of one of the antigenic 
substances were injected simultaneously after be- 
ing mixed in a syringe. Blood samples were drawn 
at 2\, 5, 10, 15, 20, 30, 45, CO, 90 and 120 minutes 
and the plasma volume calculated from extrapola- 
tion of the time-concentration curve (Gregersen 
and Rawson, 1943). The dye determinations were 
done on the serum with the Ifoenigs-Martens 
spectrophotometer. The antigenic substances were 
determined by the Libby Photronrefiectometer 
with reference to a standard turbidity curve 
prepared with known antigen diluted in buffered 
saline containing the dogs’ own serum. 

The present summary is based on 7 experiments 
with beef albumin, 2 with beef globulin and 3 with 
SHI. The plasma volume measured with each of 
these agreed within experimental error with the 
values measured simultaneously with T-1S24. The 
per cent differences ranged from -1-5.9 to —6.2 per 
cent. If all the results arc averaged, the plasma 
volume measured with T-1824 is -fO.Oo per cent 
higher than that obtained with the antigenic 
substances. 

Alkali therapy in acidosis.' E. M. Greistieimer, 
H, W. Robinson (by invitation), J. K. Weston 
(by invitation), Waldo E. Nelson (by invitation) 
and M. J. Oppeniieimer. Temple Univ. School of 
Medicine, Philadelphia, Penna. Twenty-five dogs 
have been brought into a critical state of acidosis 
by the oral administration of ammonium chloride. 
The course has been followed by determinations of 
scrum carbon dioxide content, chloride, total base 
and pll. 

Ten of the twenty-five dogs were treated with 
sodium bicarbonate. The amount of a oTc solution 
calculated to bring the body alkali reserve back to 
its normal value was injected intravenously. In 
most cases follow-up determinations were made at 
the end of an hour and also the following morning. 
Of these ten, seven survived and three died. Of the 
untreated group, six survived and nine died. When 
the dogs die or are sacrificed, serial sections of 
brain and spinal cord arc made to ascertain if 
jicrmancnt changes occur. Thc.se findings will be 
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reported later. In addition, the remainder of the 
tissues are subjected to pathological examination. 

The average pH (38°) control value was 7.38; at 
the most critical phase it was 6.96. The CO 2 content 
fell'from 56 to 20 vol. %. In spite of the ver 5 '- low 
pH values, the CO 2 content in our dogs (15 to 30 
vol. %) did not reach the low level which is en- 
countered often in human patients (2 to 10). With 
acidosis, the chloride rose from 106 to 120 mEq. 
and the total base fell from 161 to 153 mEq. (method 
of Polls and Reinhold using Amberlite-IR 100 
furnished by Resinous Products and Chemical 
Company). 

The study is being continued with other methods 
of therapy. 

Blood pressure response to changes of pressure 
on the spinal cord. R. A. Groat and T. L. Peele 
(both introduced b 3 ’' W. F. Windle). Inst, of 
Neurology, N ortkioeslern Univ. Medical School, 
Chicago. In cats in which the brain had been re- 
moved or functionally destroyed bj’ asphj'xiation 
or in which the dura and spinal cord had been 
ligatured in the cervical region, increased pressure 
on the portion of the cord which gives rise to the 
sympathetic outflow elicited a great rise in blood 
pressure. Liberation of pressor principles into the 
blood was not an essential factor in this response. 

A maximum pressure of only 35 mm. Hg existed 
in the spinal intradural sac when intracranial pres- 
sure was raised to as high as 250 mm. Increased 
intracranial pressure in animals with the brain 
destroyed by asphyxiation elicited no pressor 
response, although increased spinal intradural pres- 
sure elicited great rise in blood pressure in these 
animals. 

Pressor responses were compared in cats in which 
intracranial and spinal intradural pressures could 
be raised independcntlj" or simultancouslj’’ and in 
which vagi were sectioned and carotid sinuses de- 
nervated. Highest absolute blood pressure values 
occurred when intracranial and spinal intradural 
pressures wore raised simultancousli'. In general, 
increased spinal intradural pressure evoked eleva- 
tion of blood pressure to absolute levels as high as 
or only slightlj* lower than those accompanying in- 
creased intracmnial pressure. The blood pressure 
increment tended to bo somewhat greater in 
incrc.ased spinal intr.idunil pressure because of the 
lower initial blood prc.ssure levels. 

The ])ortir)n of the ccnlnd pressor mechanism 
located in the spinal cord is more resistant to pro- 
longed asphyxia than is the portion located in the 
brain, lli'orl.- done under contract, sponsored by 
CMR, beiu-ern OSfil) and Nortlnrcstcrn Univ.] 

Relationship of speed of motor reaction to blood 
.sugar level during acute .starvation in man. 
Hai'.oi.d Guktzkow (bj' invitation), IIe.vrv 
boxosTiixcT T.vrt.on, Jo.sek Buozek (b^' invita- 
tion 1 and ICky.s. Laby. of Physiological 


Hygiene, Univ. of Minnesota, Minneapolis. Ten 
normal young men underwent a 2 day total fast, 
combined with 4 hours of walking on a treadmill at 
3.5 mph, 10% grade. Total daily caloric e.xpenditure 
was about 4,300 Calories. At the end of the 1st and 
4th hour of work, 2 sets of 25 motor reactions to 
visual stimuli were measured. The reaction in- 
voh'ed bendingandstrikingselected telegraph keys 
while walking. After eaeh set antccubital venous 
blood was drawn. 

In general, speed of reaction changed parallel to 
blood sugar. Blood sugars in mg% on the first and 
second days were 71 and 52 for the 1st hour of work, 
04 and 52 for the 4th hour of work ; corresponding 
reaction speeds were 100, 91%, and 96.5, 92.6%. 
The coefficient of cori’elation between sugar and 
speed was 0.65 (40 pairs). The correlation was 
neglible when the sugar was more than 65 to 70 
mg% . Reliability of sugarand speed measurements, 
in terms of the correlation between duplicate de- 
terminations, were 0.95 and 0.86 respectively. 

In a similar experiment on 3 other men, the fast- 
ing period was extended to three and a half days. 
Sugar values at the end of the 1st hour of work were 
71, 64, 54, 52 and the 4th hour, 63, 60, 60. Corre- 
sponding speeds of voluntary motor reaction were 
100, 94.2, 94.6, 97.2% and 98.8, 96.3, 96.8%. The 
coefficient of correlation was 0.56 (21 pairs). Other 
psychomotor test performances involving speed 
showed similar relations to the blood sugar. [This 
work was supported in part under the terms of a 
contract between the regents of the University of 
Minnesota and the Office of Scientific Research and 
Development. Support from other sources loill be 
acknowledged in final pziblication.] 

The effecls of various sulfonamide drugs on the 
electrocardiogram of the dogd Roberta H.yfkes- 
BBiN'G and Grace E. Webtenberger. Dept, of 
Physiology , Wotnan’s Medical College of Pennsyl- 
vania, Philadelphia. Several papers have appeared 
dealing with the histopathological effects of the 
sulfonamide drugs on cardiac muscle, but very few 
have dealt with the physiological effects. 

In a previous electrocardiographic study on 16 
dogs treated with the sodium salts of sulfapyridine, 
sulfathiazole and sulfadiazine, we found no signifi- 
cant changes in the electrocardiogram. 

These studies have been continued and extended 
to include the sodium salts of sulfapj'razine and 
sulfamcnizinc. The present series was distributed 
as follows: sodium sulfapj'ridine (2 dogs), sodium 
sulfathiazole (2 dogs), sodium sulfadiazine (3 dogs), 
sodium stdfapyrazinc (7 dogs) and sodium sulfa- 
mcrazinc (7 dogs), inakinga total of 21 animals. 

After a control period of 3 weeks, the drug was 
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administered by intraperitoneal injection on four 
consecutive days in divided doses totalling .65 
gm/Kg for the period. The electrocardiogram 
(Lead 2) was recorded and the blood concentration 
of the drug determined four hours after each dose. 
A rest interval of 8-10 days was allowed between 
each drug period. Four series (total 16 doses) were 
run on each animal. The electrocardiogram was 
analyzed for heart rate and conduction time (P-R 
interval) and carefully checked for any abnormali- 
ties. 

The blood level of the drug was always above the 
recommended therapeutic level, and most of the 
animals showed toxic effects. No significant change 
occurred in the electrocardiogram with the sulfon- 
amides studied. Even in one dog with defective 
conduction (prolonged P-R interval with occa- 
sional dropped beats) the drug (sodium sulfamer- 
zine) did not aggravate the condition and increase 
the defect. 

Comparative observations on the blood sugar 
level in normal young adults following meals con- 
taining high and low percentages of carbohydrate. 
John Ha.ldi and WTnfuey Wyxx (by invitation). 
Dept, of Physiology, Emory Univ., Emory, Ga. It 
has been suggested that functional hypoglycemia, 
which appears to be a well established clinical en- 
tity, may bo a fairly common occurence and respon- 
sible for feelings of tiredness, weakness and 
hunger in mid-morning or mid-aftemoon. This 
condition has been attributed to relatively large 
amounts of carbohydrate in the diet. From a die- 
tary hygienic point of view it is imixirtant to know 
whctlier this assumptioh has a factual basis. 

Fifty nine medical students ate a breakfast which 
contained 385 calories with 81.5% of the total 
energy derived from carbohydrate, for fourconsecu- 
tivc mornings. Blood samples were taken for sugar 
determinations two and onc-lialf to three hours 
later. The procedure was then repeated with an 
isocaloric meal suppoying 26.6% of the calorics 
from carbohydrate. The average blood sugar level 
was 101 mgm. percent after the low carbohydrate 
meal and 99 mgm. percent following the high carbo- 
hydrate breakfast. Tlicrc were no values below SO. 

In another experiment twelve swimmers were 
given a thousjind calorie meal providing an alter- 
nate days 73.5% and 22.5% of the energy from car- 
bohydrate. Approximately three hours after eating 
t hey swam a hundred yard sprint . On eacli occasion 
they exerted themselves to the utmost. There wsis 
no significant iliffercnce in the blood sugar nor in 
the porformanee on the two types of meals. 

Tlie.sp data are considered sufficient to show that 
in normal individu.als a high carltohydratc meal 
doe.s not lead to hy|Kiglyceinia two or three hours 
later nor to a los.sencd capacity for strenous work 
of short duration. 

Physiological adjustments to altitude. F. G. 


Hale, Lt. Col., A.C. Aero Medical Ldby., Wright 
Field. Physiological adjustment to high altitude 
appears to fall into three fairly distinct categories — 
accommodation, acclimatization, and adaptation. 
Accommodation is the first physiological response 
to changes in barometric pressure. It was found 
that pulmonary ventilation is the same for a given 
degree of activity from ground level to barometric 
pressures equivalent to 35,000 feet altitude. Above 
this altitude pulmonary ventilation increases ; the 
degree of the increase dependent upon the level of 
activity. The ratio of maximal inspiratory flow to 
pulmonary ventilation is higher with a resting than 
with an exercising individual. There are no changes 
in hemoglobin concentration with rapid changes in 
barometric pressure or with short exposures to low 
barometric pressures. Acclimatization follows pro- 
longed exposures to low barometric pressures. Ac- 
climatization may be manifest as low as 5000 feet 
altitude as illustrated by changes in composition of 
respiratory gases and hemoglobin concentration. 
There are numerous physiological adaptations to 
lowr barometric pressures such as high oxygena 
combining power of hemoglobin. This involves 
study in comparative physiology since adaptations 
are fixed by heredity and are unchanged in the 
individual. Survival of animals to changes in baro- 
metric pressure depends upon the extent to which 
these physiological adjustments can be brought 
into play. 

The human centrifuge. Demonstration (motion 
picture). F. G. Hall, George L. Maisox, G. A. 
Hallexbeck (by invitation) and C. A. Maaske 
(by invitation). Physiological Branch, Aero Medi- 
cal Laby., Engineering Dimsion, AAF Air Tech- 
nical Service Command, Wright Field, 0. A motion 
picture with sound track illustrating the construc- 
tion and use of the A.\F Air Technic.al Service 
Command centrifuge. The turn table is 48 feet in 
length, bearing a cab for human occupancy at eacli 
end. One cab is adapted for the prone subject, the 
other for the seated subject. The drive meclmnism 
is photoelectrically controlled and entirely elec- 
trically operated. Braking is dynamic. 

The machine in its present form will lake a live 
load of 400 pounds witha factorof safet 3 'of three to 
a maximum centrifugal force of 20 times normal 
gravitj’. Linear speed at the cab station at 20 “g” 
is approximately 90 miles per hour. The accelerat- 
ing mechanism is (Xipable of translating the cab 
from standstill to this speed in appro.ximatelj' 10 
seconds . 

The motion picture traces the course of a tx'pical 
subject through a scries of ridc.s on the centrifuge, 
shows the recording mechanisms avaihible and the 
face of the subject while undergoing the force. 

Effects on man of repetitive exposure to centrif- 
ugal force. G. .V. Il.vLLE.vnr.cK (introduced by F. 
G. Hall). Physiological Branch, Aero Medical 
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Laby., Engineering Division, AAF Air Technical 
Service Command, Wright Field, 0. This study was 
undertaken to determine the response of subjects 
to increased “g” when exposures follow one another 
at time intervals brief enough that the response to 
one exposure could be conditioned by previous 
trials. The Air Technical'Service Command centri- 
fuge was operated such that six ten-second episodes 
of 4.2 “g”, a level sufficient to produce marked 
visual symptoms in the chosen subjects in a single 
test run, were delivered in sequence. Time inter- 
vals from the end of maximal “g” in one episode to 
the beginning of ma.ximal “g” in the next were set 
at 4.7, 9.6, 19.4 and 29.1 seconds. Continuous ex- 
posure for 60 seconds was also imposed. During 
continuous 60 second exposures, six subjects who 
suffered either loss of peripheral vision or blackout 
during the first ten or fifteen seconds showed 
varying degrees of improvement in vision there- 
after. When exposed to the scries of repeated ten 
second episodes of increased “g”, the six subjects 
showed improvement of vision in the second and 
subsequent episodes of each series. This improve- 
ment was constant and marked when the interval 
tween exposures was ten seconds or less, and less 
consistent when the interval was 15 or 30 seconds. 

The principle of blended samples in validating 
behavioral indicators. Ward C. Halstead. Dept. 
of Medicine, Univ. of Chicago. In developing be- 
havioral indicators for brain damage in man, the 
problem of satisfactory control groups becomes 
extremely complicated. Industrial and automobile 
accidents, falls, acute or chronic illness, develop- 
mental anomalies, brain tumors, and accidents in 
certain sports are some of the factors which may 
produce snb-clinical brain injury in a large number 
of the so-called “normal” population. Random 
sampling which inadvertently includes such in- 
dividuals thus contaminates a control group with 
the factor to be isolated. By the use of blended 
samples, systematic groups or clusters of such 
variables as age, sex, I.Q., education, occupation, 
cl cetera, become the reference point of “norm- 
ality.” By selecting antithetical clusters, with the 
aid of charts prepared for this purpose, small and 
relatively "pure” control groups may be rapidly 
established. The principle is also applicable to 
experimental groups for studies such as localization 
of function in the brain. 

Chronic intermittent anoxia and the dynamic 
visual field.' Wann C. Halstead. Dept, of Medi- 
cine, Univ. of Chicago. Twenty male subjects, 
selected to meet the age, physic.al and mental 
standards of the Service Air Corp.s, were exposed 


I Tlie work dcscrilicd in tliis abatract wn.« done under a con- 
tract, rccomiaonded by the Conitnittce o.a ^fcdical Rc-'Carch, 
lA’twccntheOnice Scientific Research and Development and the 
Vniverfity of Chicago. The initial Gndinss tt-cre reported on 
October 1, 1912. 


individually or in groups in a decompression cham- 
ber at a simulated altitude of 10,000 feet for 5 or 
6 hours per day, 6 days per week, for 4 to 6 weeks. 
Control studies were made before and after the 
total period at altitude. Thirteen (65%) of these 
men developed a marked impairment of the dy- 
namic visual field during the third or fourth week 
at altitude, which was reflected by an inabilitj’’ to 
perceive peripheral targets which had previously 
been readily detected. Once developed, the impair- 
ment could not be relieved at once by the inhalation 
of 100 % 0:. In some instances daj’-s or weeks were 
required for complete recovery after exposure. 
Fractional O 2 therapy prevented the impairment in 
one re-exposed subject in whom it had developed at 
intial exposure. The effect appeared earlier, was 
more marked and lasted longer in subjects exposed 
above 10,000 feet. These results indicate that 
former Service regulations requiring use of 0: 
equipment on daylight missions above 10,000 feet 
did not provide an adequate margin of safety 
against the possible insidious effect of chronic 
intermittent low-grade anoxia. 

Localization of neuropsychological functions in 
the prefrontal lobes. Ward C. Halstead. The 
Otho S. A, Sprague Memorial Institute and The 
Dept, of Medicine, Univ. of Chicago. During the 
past ten years, a group of 22 neuropsychological 
indicators has been developed in this laboratory 
for quantitative analysis of the effects of brain 
injuries in man. Carefully selected neurosurgical, 
psychiatric, and other types of patients and normal 
individuals have been studied in detail by these 
methods. A deterioration index (impairment of 
neuropsychological functions) has been developed 
on the basis of performance on certain of the indica- 
tors while the others serve as a check on such fac- 
tors as motivation, cooperation, and predominate 
personality trends. The average range in deteriora- j 
tion index for various groups studied is shown m 
Table 1 below. I 


TABLE I 



Range of deterioration 


index 


From 

To 

Control group 

0.0 

0.0 

Psychoncurotics 

0.2 

0.3 

Severe depressions 

0.3 

0.4 

Occipital lobectomies 

0.1 

0.2 

Parietal lobectomies 

0.2 

0.3 

Temporal lobectomies 

0.2 

0.3 

Unilateral prefrontal lobectomies 

O.G 

0.8 

Closed head injuries 

0.0 

1 0.8 

Bilateral prefrontal lobectomies 

1.0 

1.0 

High grade anoxias 

1.0 

1.0 


These results indicate localization in tlic pre- 
frontal lobes of the functions tested in the sense of 
a region of peak effect. From anah'sis of the per- 
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forraances of a further group of patients before and 
after prefrontal lobotomy (an operation in which 
extensive sub-cortical damage is produced in both 
prefrontal lobes vdth relatively little damage to 
the cortex) it has proved possible to trace the 
localization farther to the cortex of the prefrontal 
lobes. These traditionally “silent” areas of the 
brain thus become of great importance in our 
understanding of the biological basis of intelligence'. 

Relation between the volume-pressure curves 
of the aorta and the pulse wave velocity. W. F. 
Hamilton, .John IY. Remington and Philip Dow. 
Dept, of physiology, Univ. of Georgia School of 
Med., Augusta. The physical characteristics of 
rubber tubes and of aortae make it difficult to 
apply the classical equations relating pulse wave 
velocity to distensibility. The viscosity of the 
walls of the tube make it effectively less distensible 
when stretched rapidly than when stretched 
slowly. The relations shown on slow stretch in- 
dicate the systolic up take and the relations on 
rapid stretch, the pulse wave velocity. The uptake 
is 15-25% greater than the figure indicated by pulse 
wave velocity. Successive rapidly applied stretches 
cause the distensibility to approach that shown on 
slow stretching with unpredictable changes in 
absolute volume. The standing wave is therefore 
related to a pulse wave velocity that is slower than 
that of the transmission of the start of the pulse 
wave. Since the aorta is slow to resume its original 
volume after stretching (hysteresis), diastolic size 
of the aorta at any given diastolic pressure increases 
with greater pulse rates. So also does the pulse 
wave velocity but these changes are hard to relate 
to aortic uptake during systole. 

Somatotopic localization in anterior lobe and 
lobulus simplex of cerebellum in cat and dog. 
.loiiN h. IIampson (by invitation), Clinton R. 
HannisoN (by invitation) and Clinton N. IVool- 
SKY. Dept, of Physiology, Johns Hopkins Univ., 
School of Medicine, Baltimore 5, Md. Liminal fnra- 
dic excitation of the cerebellar cortex reveals 
.^omatotopic localization in the anterior lobe and 
lobulus simplex of decerebrate animals and elicits 
from medial and lateral ]>ortions of the anterior 
lobe differential responses. 

Main effects of brief stimulation (less than Iscc.) 
of the medial J of the anterior lobe arc: 1) active 
ip^ilatend flexion and (or) incomplete ipsilateral 
extensor inhibition, 2) increased contralatcRil 
extension. Similar stimulation of the Intend \ gives : 
1) active ipsilatcnal extension, 2) relx)und ipsi- 
l.atenil flexion. 

Prolonged stimulation (15 see.) of ihe medial 
i causes: 1) profound ipsilatend pxten.sor inhibi- 
tion. 2) .‘■trong contrabitera! extension, 3) nnirked 
rol*o\ind ipsilateral extension. -1) ixist.stimulatory 
continuation of augmented contRilatend extension. 
Similar excitation of tb.c lateral $ produces: 1) 


initial active ipsilateral extension, reversing to 2) 
ipsilateral extensor inhibition, 3) strong rebound 
ipsilateral flexion. 

Both types of stimulation disclose clearcut 
sojatotopic localization as follows : neck in lobulus 
simplex, forelimbs in culmen, hindlimbs in lobulus 
centralis. Tail is most readily influenced from the 
lowest folia of centralis. Stimulation on either side 
of the fissure separating culmen and centralis 
causes simultaneous effects in fore- and hindlimbs 
and in trunk musculature. 

The somatotopic sequence is essentially the same 
as that of the motor cortex. It agrees with the 
sensory sequence in the anterior lobe and lobulus 
simplex described by Snider and Stowell (19-12, 
1944) and by Adrian (1943). It is opposite to that 
defined by Connor (1941) with regional ablations. 

Reflex response to homolateral and bilateral 
faradic stimulation of Hering’s nerve. Elwood 
T. Hansen (by invitation) and Robert Gesell. 
Unto, of Michigan. Weak stimulation of Hering’s 
nerve reduces inspiratory and expiratory contrac- 
tions. This inhibition increases with increasing 
strength of stimulation which may terminate in 
apnea. With mounting stimulation inspiratory 
contractions reappear first and augment progres- 
sively. Active expiratory contractions appear later 
and increase along with the inspiratory contrac- 
tions. 

When the current is weak the combined inhibi- 
tory response to stimulation of the left and right 
nerves is additive. This indicates a central summa- 
tion of inhibition, presumably originating in sinus 
afferents. 

The lengthening of a muscle in a coupled spinal 
reflex varies directly as the shortening of its an- 
tagonist (Sherrington). Butsince inhibition of both 
inspiratory and e.xpiratory muscles in our experi- 
ments are associated with simultaneous weakening 
of contraetions of their respective antagonists, the 
inhibition produced by stimulation of Hcring’s 
nerve is regarded as a direct reflex and not a re- 
ciprocal inhibition. It would, however, be unjusti- 
fied to infer that direct inhibition is a common 
physiologic.al occurrence, e.g., when a contra- 
latcral flexion refle.x is inhibited by a homolateral 
reflex this inhibition is associated with coupled 
activity and m.ay therefore be entirely reciprocal 
in nature. 

With stronger stimulation the response is addi- 
tive in the inspimtory and expiratory h.alf-ccntcrs 
indicating tliat chenioccptor afferents stimulate 
l)Oth half-centers. .-Vcctylcholine accumulating at 
Inith half-centers rc.sults in what might Ih? termed 
a ‘Vimult.ancons summation” of coupled half- 
centers. 

With vagi inlact effects of combined stimulation 
are greater I lian expected simple din-ct summation. 
This ‘’.supejfijaaiRur.ation” m.:;? -lue to acccs.«orv 
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excitatory reflexs originating in tlie vagal proprio- 
ceptive endings. 

Changes in plasma modifying the release of 
pituitrin. Kendrick Hare, Eleanor V. Melville 
(b 3 '^ invitation), George H. Chambers (by invita- 
tion) and Ruth S. Hare (by invitation). Depl. of 
Physiology, State Univ. of Iowa, Iowa City. 
It has been demonstrate that hypertonic saline 
infusions cause the release of pituitrin in the dog. 
The release of pituitrin in response to intravenous 
infusions of saline and other solutions has been 
investigated here by four methods: (1) assay of 
blood and urine collected before and after the in- 
fusion ; (2) comparison of the response to the in- 
fusion with and without added pituitrin; (3) 
restoration of the response of a dog with diaV.etes 
insipidus to normal by graded doses of pituitrin ; 
(4) effect of the infusion or injection of the solution 
on a pre-existing water diuresis. Solutions used 
include 3.9% sodium sulfate, 6.3% and 18.9% urea 
and 0.5 to 3.0% sodium chloride. Plasma was 
analysed for sodium, chloride and urea. Apparently 
the significant factor in the release of pituitrin is 
the change in osmotic pressure of the plasma, rather 
than the change in concentration of any of the 
particular substances studied. 

The life duration of the erythrocyte of the 
monkey (Macacus rhesus). O. G. Harne, John 
F. Lutz (by invitation), Grace I. Zimmerman (by 
invitation) and Carl L. Davis (by invitation). 
Dcpl. of Histology, Univ. of Maryland School of 
Medicine, Baltimore. The life duration of the 
erythrocyte of the monkey was studied by auton- 
omous blood replacement following hemorrhage. 
Predetermined amounts of blood were withdrawn 
from the veins, following which daily reticulocyte 
counts were made to determine 1, the degree of 
replacement of erj^throcytes during the initial 
reaction, and 2, the pattern of replacement in the 
course of adjustment following blood loss. 

Two control and 10 experimental animals of both 
sexes, G to S years of age were used. 

'Ihe reaction to hemorrhage may be divided into 
three phases, initial, interval, and spontaneous. 

The initial reaction began 3 to 5 days after the 
hemorrhage, and lasted from 20 to 40 days in seven 
out of ten animals. In three animals the reactions 
were indefinite. 

The reticuloc.vte output rose during the initial 
period to 321% above control level. 

No fluctuations were observed in the erj'throcyte 
output in the controls. 

Following the initial reaction, the eri'throcj’te 
output returned to control level or below. This 
interval period lasted roughlj' another 40 days, 
when the reaction entered a (final or) spontaneous 
phase marked bj’ a prolonged reticulocj'tosis. In 
every case (except the three mentioned alx)vc) this 
.sfxjntaneous reaction was extensive and produced 


a marked elevation on the curve. We interpret this 
rise as a reaction of the hematopoetic organs to the 
mass disappearance or withdrawal of the erythro- 
cytes thrown into the circulation immediately 
following the hemorrhage. 

The time lapse, therefore, between the peaks ot 
the initial and spontaneous reactions (97-117 daj’s) 
expresses the life duration of the erythrocyte in 
the monke 3 ^ 

Bicarbonate and chloride of pancreatic juice in 
response to various stimuli. W. M. H.^rt (by in- 
vitation) and J. E. Thomas. Dept, of Physiology, 
Jefferson Medical College, Philadelphia. Pancreatic 
juice was collected from unanesthetized dogs which 
had permanent tubulated fistulas of the stomach 
and duodenum. The duodenal fistula was opposite 
the main pancreatic duct. Pancreatic juice was col- 
lected through a temporary cannula inserted into 
the duct by way of the duodenal fistula as suggested 
by Scott (A. J. P. 134: 208, 1941). Five to twenty 
cc samples were collected without contact with air 
into a glass sjwinge connected with the cannula 
through a rubber tube. Otherwise the animals re- 
tained all their digestive secretions. Solutions ol 
HCl, glutamic acid, peptone or soap were injected 
into the upper intestine to elicit a flow of pan- 
creatic juice. In a few e.xperiments secretin was 
given intravenously. 

Total carbon dioxid was determined by a niano- 
metric method. A glass electrode with a closed cell 
was used for pH determinations at approximately 
25 degrees. Previous observations of a reciprocal 
relation between bicarbonate concentration and 
concentration of chloride were confirmed ; also the 
direct relation between bicarbonate concentration 
and rate of secretion, provided the rates were eblov.' 
0.05 ml of juice per minute per Kilo body weight- 
At higher rates the bicarbonate concentration was 
independent of the rate of secretion and attained a 
constant maximum, characteristic of the animal- 
Maxima ranged between 135 and 148 mM/L. 

No consistent relation was found between the 
concentration of inorganic constituents and either 
the stimulus used to promote secretion, or 
total nitrogen content of the juice. 

Effect of desoxycorticosterone acetate 
epinephrine on water diuresis in normal 
adrenalectomized rats. Harrv W. Hays 
Donald R. Mathieson (introduced by W 
Swingle). Dept, of Pharmacology, Ciba PharnW' 
ceutical Prodnets, Inc., Summit, N. J. In all os- 
periments, water was given by mouth according 
to the formula: Body- Surface x 4 per cent x I 
hourly injections, and the percentage excretion 
determined at the end of seven hours. Norma 
rats excreted S3 per cent while rats adrenalecto- 
raized one day' excreted only 20 per cent. When 
similar adrenalectomized rats were treated wn ' 
doses of deso.vy'corticosterone aectate (D.C.A.; 
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ranging from 0.20 mg. to 3.0 mg. in oil the per- 
centage excretion was directly proportional to the 
dose but seldom reached the same level as that of 
normal animals. At the same time there was a 
marked protection against death from water in- 
toxication as evidenced by the fact that the 63 
per cent mortality observed in the untreated 
adrenalectomized controls decreased to approxi- 
mately 10 per cent in the treated group. 

Adrenalectomized rats maintained on 1.0 mg. of 
D.C.A. per day for seven days and given water on 
the eighth day, excreted 17 per cent. When an 
additional 2.0 or 9.0 mg. was given on the seventh 
day, the percentage excretion was not increased. 
Control adrenalectomized rats maintained on 
physiologic sodium chloride solution for seven 
days, excreted 22 per cent of the water in seven 
hours. While the response to water diuresis was not 
increased in this experiment with daily hormone 
treatment, there was again a definite protection 
against death from water intoxication. 

Rats receiving 0.15 mg. of cpinphrine per 100 
grams of body weight subcutaneously IS hours after 
adrenalectomy and one-half hour before water was 
administered, excreted 63 per cent, while those 
receiving the same dose of epinephrine plus 3 mg. 
of D.C.A. excreted 78 per cent. 

When ndronalcctomizod rats were maintained on 
1 .0 mg. of D.C.A. per day for seven days, the excre- 
tion at the end of seven hours was 17 per cent, 
while sirniiarly treated animals receiving 0.15 mg. 
of epinephrine per 100 gram.s, excreted 79 per cent. 
Control adrenalectomized rats maintained on 
physiologic.al salt solution for seven days excreted 
22 per cent but when given 0.15 mg. of epinephrine 
per 100 grams the e.xcrotion increased to 50 per 
cent. 

It would seem therefore that D.C.A. affords not 
only a protection against water into.vication but 
acts as a mild diuretic. When given D.C.A. in 
combination witli epinephrine, adrenalectomized 
rat.s eliminate water as well ns normal animals. 

Physiological changes during motion sickness. 
Au.an lIu.Mi.VGW.w, Major, Air Corps. AAF 
School of AvinCion .Ifcrficinc, Randolph Field, 
Tfcna. Motion sickness w.as produced in normal 
young men by means of a twenty minute swing 
tost. Blood pressures, pulse nitcs, body and skin 
tempemture.s and tiic nite of sweating was hicas- 
tirod.'It h.as been found that motion sicknes.s is 
not n.ssoriated with any significant cliangc in sys- 
tolic prc.f.siirc, diastolic prc.ssuro or pulse rale. 
Cold sweating occurs during motion sieknc.'.s with 
n drop in skin and mouth temperature and can 
occur in onvironmcnt.« with air tompemlure near 
freezing. llyjH'rventilatioii frequently occurs c.aus- 
ing tingling sen.saiion-s in the feet and iiands and 
ocra.-sionnlly car|x>-pedal sjvi.'im. In a few instance.^ 
thi-s has been .so severe that the h.and.s have been 


“frozen” to the supports and the fingers liad to be 
pried loose. X-ray e.xamination after a barium 
meal has shown a loss of gastric tonus and delayed 
emptying of the stomach as a result of motion sick- 
ness. 

Blood lactate and pyruvate relations in man. 
Austin' Henschel, Henby Longstkeet Taylor, 
Olaf hliCKELSEX (by invitation) and Ancee 
Keys. Labij. of Physiological Hygiene, Univ. of 
Minnesota, Minneapolis. Blood lactate and pyru- 
vate concentration and the lactate-pyruvate ratio 
(L/P) was determined in young men at (1) basal 
rest, (2) 5 minutes after a 1 hour walk at 3§ miles 
per hour on a 10% grade, (3) 12 and 30 minutes after 
90 seconds of “anaerobic” work (9 miles per hour, 
10% grade), and (4) 60 minutes after the ingestion 
of lOo grams of glucose. The lactate and pyruvate 
concentrations, in mg. per 100 ml., and L/P were, 
respectively; (1) in basal rest, G.oi 2.35, 0.95 
0.293, 6.9± 1.81, (2) 5 minutes after aerobic work, 
7.0rfc 1.38,0.85± 0.191, 8.5± I.6S, (3) 12 minutes 
after “anaerobic” work, 75. S± 19.1, 3.49± 0.699, 
21.9± 3.5S, (4) 30 minutes after “anaerobic” 
work, 44.5± 15.1, 2.64± 0.552, 16.6± 3.32, (5) 
60 minutes after 100 grams of glucose, 9.5± 3.50, 
1.18± 0.339, 8.3± 2.52. In mild thiamine deficiency 
the lactate and pyruvate were slightly increased 
in basal rest and after aerobic and "anaerobic” 
work without any cliange in L/P. Blood lactate 
and pyruvate levels are of little value in clinical 
diagnosis of mild thiamine deficiency. During 
acute thiamine deficiency a significant increase in 
lactate and pyruvate with a decrease in L/P was 
especially marked in the subjects who had for 
months previously been on a borderline thiamine 
intake. The lactate, pyruvate and L/P were sig- 
nificantly increased by the ingestion of 100 grams 
of glucose even in subjects on ample thiamine in- 
takes. [This work was supported in pari wulcr the 
terms of a contract bctii'ccn the Regents of the Univer- 
sity of Minnesota and the Office of Scientific Re- 
search and Development. Support from other 
sources will be acknowledged in final publication. J 
Pyruvic acid cycle. Harold E. Hisrwicir, Ed- 
mund no-MRURGER (by invitation) and William- 
IN'A A. Hlmwicu (by invitation). Dept, of Physi- 
ology and Pharmacology, Albany .Medical College, 
Union Univ., .Albany, .V. Y. Normal dogs, fasted 
24 hours and under light nembutal ancstlic.^ia, 
were studied in a preliminary investigation of the 
pyruvic acid cycle. Blood was drawn from the 
femoral artery, fcmonil, hepatic and jKirtal vein.s 
and from the ccrchral longitudinal .“inns, prac- 
lic.ally simultaneously. Three serie.s of bWl 
Minple.*! were collected, a control, another gluco.'c 
and n third after insulin. The blo<jd samples were 
analyzed for lactic acid, pyruvic acid, and glucose. 
The rcsult.s for pyruvic acid are t-abulatefi, in. 
(Heating lilscration, 0 no .■significant cleince, and — 
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absorption. A difference of more than 0.12 mg. per 
cent \vas considered significant. 
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In the majority of instances the liver removed 
pyruvate from the blood stream while the other 
organs added it. 

Observations on pressure relationships be- 
tween the proximal and distal colon of dogs. 
Justin Hoeksth.^ (by invitation), F. R. Steg- 
GERDA and A. B. Taylor (by invitation). Dept, 
of Physiology, Univ. of Illinois, Urbana. True 
intraluminal pressures were recorded in the prox- 
imal and distal colon, following the administration 
of various quantities of gas. Simultaneousl 3 % 
radiographs were made from previously visualized 
colons. 

Rubber catheters, fitted with open metal tips, 
were introduced into the proximal and distal colon 
bj"- way of the rectum. These led out through a 
rubber funnel cemented to the skin around the 
anus. Air tight connections were then made with 
two water manometers and a gas burette. This 
provided a means of introducing measured quan- 
tities of gas and of recording pressure changes in 
the colons of unanesthetized dogs. 

The tone of the colon remained unchanged re- 
gardless of the volume of gas present. The pres- 
sure was found to be slightly higher at the lower 
catheter, which might be explained by the accu- 
mulation of gas in the rectal region. Pressure 
changes accompanjdng contractions in the prox- 
imal and distal colon occurred, as a rule, simul- 
taneously and were usuallj'' of the same magnitude. 
When large amounts of gas were administered, 
both the pressure during contraction and the fre- 
quency of contraction increased slightly. 

These results indicate that the pressure is usu- 
ally the same throughout the regions of the colon 
studied and that contraction probably causes a 
uniform change in pressure along the lumen of 
the intestine. 

E.xcitability and recovery of responsiveness in 
sciatic nerves of hypcrthyrotic rats. Francisco 
and Elena Hoffmann and John F. Perkins, 
Jr. (introduced by H. Davis). Dept, of Physiology, 
Harvard Medical School, Boston. IHale rats were 
fed 1 to 1.5 grams daily’ of U.S.P. desiccated thy- 
roid for periods varying from 34 to C2 daj-s. Doses 
were omitted one day in seven. Muscle wc.akness 
resulted. Voltage-capacity curves were determined 


on isolated nerves, using as end-point thirty per 
cent of the maximal action potential height. 

There was no significant deviation between con- 
trol and treated groups with respect to the shape 
of the curves, or to their position relative to the 
voltage parameter and the time parameter (or 
chronaxie). 

Recovery of responsiveness was determined by 
stimulating with two slightly suprama.ximal shocks 
separated by varying intervals. Percentages of 
recovery, calculated from the height of the second 
response relative to the first, were plotted against 
intervals. The position and shape of the recovery 
curves were similar in both groups. 

In conclusion, sciatic nerves of rats treated with 
massive doses of thyroid showed no changes with 
respect to excitability or to recovery of responsive- 
ness. 

The regulation of arterial blood pressure by 
vasomotor reflexes. J. P. Holt, R. Bernstein 
(by invitation), J. C. Greisen (by invitation) 
and W. J. Rashkind (by invitation). Dept, of 
Physiology, Univ. of Louisville School of Medicine, 
Louisville, Kentucky. Arterial pressure is a func- 
tion of total peripheral resistance and cardiac out- 
put. An attempt has been made to determine bow 
much of the pressor or depressor effect of various 
vasomotor reflexes is the result of a change in car- 
diac output and how much is the result of a change 
in peripheral resistance. In barbitalized dogs, with 
the vagus nerves sectioned, the cardiac output 
(modified Stewart method) and arterial pressure 
were measured and the peripheral resistance cal- 
culated before and during the stimulation of the 
carotid sinus, vagus, and sciatic nerves. Vagal 
stimulation gave an average increase in arterial 
pressure of -4-67%, in cardiac output of -i-15%, 
and in peripheral resistance of -4-47%. Carotid 
sinus nerve stimulation gave an average decrease 
in arterial pressure of —49%, in cardiac output of 
— 14%, and in peripheral resistance of —41%. 

The effect on cardiac output and arterial pres- 
sure of changing the peripheral resistance by mak- 
ing an arterio-venous shunt has been studied. A 
decrease in peripheral resistance by this method 
causes a fall in arterial pressure and an increase in 
cardiac output. The effect on arterial pressure and 
cardiac output of a simple decrease in peripheral 
resistance, brought about bj' making an arterio- 
venous shunt, will bo compared to the effect on 
arterial pressure and cardiac output of a decrease 
in peripheral resistance brought about bj' means of 
a depressor vasomotor reflex. The relative impor- 
tance of peripheral resistance and of the reservoir 
capacity of the venous system in the regulation of 
cardiac output and arterial pressure will be dis- 
cussed. 

An effort, to dcmonstralc wrist stiffness in 
guinea pigs on a deficient diet. E. Ho.MnuRGKii 
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(by invitation) and C. I. Reed. Dept, of Physi- 
ology, TJniv. of Illinois, Chicago Colleges. A 
dietary factor essential for guinea pigs, absence of 
which produces wrist stiffness, had been described 
by Van Wagtendonk in a series of papers. An at- 
tempt to demonstrate this factor was made by plac- 
ing 40 pigs on the skim milk diet described by that 
author. At the end of 53 days, only 14 pigs sun,'ivcd. 
A daily supplement of 1 cc. of raw cream per pig 
to 5 pigs did not restore a healthy state; no more 
deaths occurred among 6 pigs continued on the diet 
up to 102 days. Three pigs given a normal diet ul- 
timately resumed growth. 

A second group of 42 pigs was placed on a diet of 
casein, yeast, starch and salt mixture as described 
(V. W. et al. Arch. Biochem. 3 : 305, 1944). At 63 
days, 16 pigs survived. Of 7 continued on the diet, 
5 died by the 77th day; 5 pigs received a supple- 
ment of raw cream without influence on growth 
rate or condition. No wrist stiffness or joint tender- 
ness could be demonstrated. Repetition of these 
experiments with 37 and 28 pigs respectively, 
likewise failed to produce sliffness, or any influence 
of raw cream on the condition of the pigs. We have, 
therefore, been unable to confirm the claim of a 
specific dietary syndrome, or the presence of a 
corrective factor in raw cream, since pigs in 
neither group recovered growth rates when the 
experimental diet was supplemented with raw 
cream. 

The Influence of the ageing process on the dis- 
tribution of phosphates and other components of 
the gastrocnemius muscle of the rat. Stevek M. 
lIonVATll. 7'hc Fatigue Lahy., Harvard Vniv. 
There is a p.aucity of information defining the 
physiological and biochemical changes attending 
or resulting from the ageing process in mammals. 
Observers have commented on the striking reduc- 
tion in muscular strength and activity in the aged. 
The gastrocnemius muscles of some 400 rats whose 
ages rjinged from one to 780 days were analyzed for 
fho.se phosphorus comiwunds concerned in muscu- 
lar contraction. 

It is only during the initial phases of the ageing 
process that changes arc found. Large increases in 
the concentrations of solids, creatine, total phos- 
phate, acid soluble and acid insoluble phosphates, 
hcxo.'ephosphatcs, phosphocrcatine, and an un- 
liclcrmincd phosphate of muscle arc observed 
within the first thirty days of life. These inereases 
continue at a slower rate for all of these com- 
iKinents, e.xiwnents, except the total and acid in- 
soluble phosphates, until constant levels arc 
reached between sixty nnd 120 days of age. The 
changes with advancing age for total and aci<l in- 
Foluble pho.sphatc.s arc atypical. Thc.'c rise to their 
highc.st concentnrtions in thirty days but inime- 
<iia(cly liegin to diminish until the twentieth week 
of life when stable X’alucs arc reached. The acid 


insoluble phosphorous shows a slight tendency to 
rise with approaching senescence. A number of the 
components of muscle show no changes in concen- 
tration attributable to ageing. These include 
adenosine triphosphate, glycogen, orthophosphate 
and lactate. However, the constancy of the latter 
two components was not unexpected as they were 
used to indicate resting muscle. .Adult and senes- 
cent animals have similar concentrations of all 
the compounds studied. 

These findings indicate tliat the diminution in 
muscular strength and activity occurring in the 
aged cannot be attributed to lack of the com- 
pounds concerned with the chemical processes 
involved in muscular contraction. 

Growth retardation by a high protein diet after 
unilateral adrenalectomy. Eyedvs How.vrd and 
Richard S. Bexua (by inx-itation). Dept, of 
Physiology, Johns Hopkins Unit'., School of Medi- 
cine. Young male mice with the left adrenal re- 
moved, on a high casein diet (protein 89% of total 
calories) showed a 31% retardation in body growth, 
as compared with similarly operated controls on 
16% protein. Unoperated controls showed no statis- 
tically significant growth retardation on high pro- 
tein diets. 

No adrenal hypertrophy was observed on tlie 
high protein diets. .After the left adrenal was re- 
moved, hypertrophy of the remaining adrenal oc- 
curred, but this was of the same amount in animals 
fed high and low levels of protein. 

The failure of hypertrophy to occur on a high 
protein intake, in spite of the apparent functional 
disadvantage, suggests that the adrenal output 
might liave undergone qualitative rather than 
quantitative ch.ange. 

A comparison of adrenal steroid diabetes and 
pancreatic diabetes in the rat. Dwight J. Ingle, 
Ruth SiiErr.AnD (by invitation) and Marvin H. 
Kltzeng.x (by invitation). Hcscarch Lahy., The 
Upjohn Company, Kalamazoo, Mich. Male rats 
of 300 grams or greater were force-fed a high carbo- 
hydrate diet. Glycosuria was induced in normal 
rats by the administration of 6 mgm. per day of 
cither 17-hydroxycorticostcrone or 17-hydroxy-ll- 
dehydrocorticosteronc. Similar animals were made 
diabetic by partial pancreatectomy. The onset of 
glycosuria in cither adrenal steroid or pancreatic 
dialietcs was accompanied by an increase in uri- 
nary nitrogen, loss of weight and a temporary in- 
cre,a.«e in the excretion of sodium and chloride. 
The two tyjies of dialietcs were unlike in at least 
two respects : 1 . .Adrenal steroid dialietcs but not 
pancreatic diabetes was highly resistant to control 
Iiy insulin. 2. Following the beginning of the ad- 
ministration of the dialiotogcnic steroids there mis 
a definite incre.a.se in urinary nitrogen which pre- 
ceded the onset of glyco^urb. In the dcjxan- 
creatired nninuils there w;ls no increase in the level 
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of urinary nitrogen following the withdrawal of 
insulin until the glycosuria had become severe. 

A ketonuria was observed in one animal having 
adrenal steroid diabetes and in several dcpan- 
.creatized animals. 

The value of supplemental alkalinizing therapy 
in hemorrhagic shock. Raymon'd C. Ingeah.vm 
and Harold C. Wiggers. Dept, of Physiology, 
Univ. of Illinois, College of Medicine. Levine and 
■co-workers have again emphasized the importance 
of shock acidosis in reporting marked beneficial 
■effects from therapy involving correction of this 
condition. This was demonstrated in hemorrhagic 
shock by supplementing the re-infusion of with- 
drawn blood with alkalinizing agents (NaHCOs 
and Na Lactate). 

Utilizing the method previously described by 
the authors (Am. J. Physiol. 143: 126, 1945) for 
-the production of the irreversible shock state, the 
value of such supplemental alkalinizing therapy 
■was studied. Under local novocaine anesthesia, 
■dogs were bled rapidly (10-15 min.) until a blood 
pressure of 40 mm. of Hg was reached ; this period 
■of hypotension was maintained for 90 minutes. 
Following this, only the withdrawn blood was re- 
turned in the control series. Only 3 of 13 animals 
survived. In the present series, the reinfused blood 
was supplemented in 7 animals with NaHCOs 
plus glucose, in 6 animals with Na Lactate plus 
glucose, in quantities recommended by Levine. 
Again only 3 of 13 animals survived. Plasma COj 
capacities immediately prior to infusion were 
generally higher than those reported by Levine 
(15.6-24). Immediate post-reinfusion blood pres- 
sures equalled or exceeded pre -hemorrhage values 
and were generally more satisfactory than those 
observed in the control animals. Likewise, the 
survival time of the animals receiving supple- 
mental therapy was definitely longer than that 
observed in the control series and the number of 
precipitant shock deaths was greatly reduced. 

It appears then, that the use of supplemental 
alkalinizing agents provides onlj' minor and tem- 
porary benefit and does not favorably effect the 
subsequent recovery of animals in hemorrhagic 
.shock. 

Graphic registration of the effect of vaso- 
active drugs. Bexjamin' Jabloxs (introduced by 
Otis hi. Cope). 2nd Medical Division, Goldwaler 
Memorial Hospital, Xcw York City. It has been 
possible to obtain a graphic record of tlie effect of 
vasoconstrictor and vaso-dilator extracts and drugs 
on the peripheral circulation of animals and man 
by the use of a photo cell and light source placed on 
the opposite sides of translucent tissue and con- 
necting the leads from the photo cell to a recording 
amplifying electronic galvanometer. The flow of 
blood in the narrowed or dilated vessels modifies 
the p.assage of light through the tissues and this in 


turn is reflected in the variation in current set up 
in the photo cell. With this method studies have 
been thade of the spontaneous fluctuation in the 
blood flow in the rabbits ear and in the human 
ear, finger and toe. Following the injection of vaso- 
constrictor drugs such as adrenalin and ergotamine 
there is a corresponding reduction in the ampli- 
tude of the tissue pulse whereas with the use of 
vaso-dilator substance such as the nitrites, nitro- 
glycerine and papaverine, etc., there is a marked 
increase in tissue pulse amplitude. This method 
has likewise been used to estimate the potency of 
renal extract preparations containing pressor and 
anti-pressor substances. Renin and renipressin 
(deproteinated) show vaso-constrictor effects on 
the peripheral circulation whereas tubulin the 
renal anti-pressor substance shows a marked in- 
crease in the amplitude in the peripheral pulse of 
the rabbit ear and the human ear, finger and toe. 
The latter effect differs from papaverine and the 
nitrites by its prolonged duration, lasting from 1 to 
3 days after injection in both rabbits and humans. 
Renipressin similarly produces a vaso-constrictor 
effect which persists over a period of several daj's. 
It is also possible to obtain a graphic record of the 
systolic pressure by noting point at which release 
of cuff compression around the rabbit ear or arm 
in the human permits pulsation to be recorded. 

Bioassay of tubulin. Benjamin Jablons (by 
invitation) and Otis M. Cope, Dept, of Physiology 
and Biochemistry, Neiv York Medical College, 
Flower and Fifth Avcmic Hospitals. A bioassay 
of the deproteinated anti-pressor substance de- 
rived from animal kidney has hitherto been very 
difficult because of the large amount of material 
required and the number of hypertensive animals 
necessary for such a test. Tubulin has been found 
to have a characteristic effect on the frog heart 
which has made it possible to utilize this prepara- 
tion for the bioassay of this material. These tests 
show tubulin to be a gamma substance. This prepa- 
ration has likewise been utilized for the study of 
renin, hypertensin, and renipressin. The antirenm 
effect of tubulin previously reported on nephrcc- 
tomized eats has likewise been demonstrated m 
this preparation and has also been utilized for the 
bioassay of renin. 

The effect of phthalic acid on the prothrombin 
lime in dicumarol-treated dogs. L. B. Jaqves and 
A. P. Dunlop (by invitation). Dept, of Physwlogy, 
Univ. of Toronto. Kudriashev (cf. J. A. C. S. 65. 
2164, 1943) has reported that phthalic acid and 
derivatives have a marked antihemorrhagic ac- 
tivit 3 ' in rats with ligated bile ducts. Dogs were 
given 10 mgm./kgm. of dicumarol intravenously- 
Two daj's later they were given intravenous in- 
jections of sodium phthalate. Small doses of 
phthalate had no effect on the prothrombin time. 
A single injection of 40 mgm./kgm. consistently 
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aused a fall in prothrombin time (e.g. from 80" 
o 45") when combined with a continuous injec- 
ion of 10-30 mgm./kgm./hour. The fall in pro- 
hrombin time occurred within 10 minutes after 
idministration of the phthalic acid and lasted for 
to minutes. Sodium phthalate added to the blood 
n vitro did not shorten the prothrombin time, 
ind nephrectomy or evisceration had no effect on 
;he action of sodium phthalate in vivo. 

Identification of gun-shyness with experimen- 
tal neurosis in dogs. A. V. Jensen (introduced bj' 
iV. F. Windle). Cornell Behavior Farm, Ithaca, 
and Inst, of Neurology, Northwestern Vniv. 
Medical School, Chicago. The behavior of gun-shy 
dogs was studied for a period of time outside the 
laboratory and the animals were later subjected 
to conditioned reflex tests in the laboratory. The 
results of the laboratory tests indicate tliat the 
nervous condition of which gun-shyness is a symp- 
tom is so similar to e.xperiraental neurosis as to 
justify its identification as such. The principal 
deviations from normal were as follows : failure to 
establish an overt conditioned reflex, restlessness 
in the interval between stimulations, over-reaction 
to stimuli, immobilitj’ of the limbs throughout the 
test, hypersensitivity to touch, irregularities in 
the respiratory pattern, persistent nervous pant- 
ing, deceleration of the respiration during the stim- 
rdus, persistent tachycardia in the interval be- 
tween stimulations, and deceleration of the heart 
rate during the stimulus. 

The simultaneous inhibition of overt muscular 
reaction, heart rate and respiratory rate during a 
stimulus which normally brings forth simultane- 
ously muscular exertion, cardiac acceleration, and 
respiratory acceleration, suggests an interesting 
similarity between the symptoms of the nervous 
disturbance in the animals in which it occurred 
and the symptoms often seen in psychotic and 
jisychoneurotic patients where the obvious repres- 
sion of overt manifestations of an emotional state 
is accompanied by markedly increased autonomic 
function. 

The nature and control of reactions in biolumi- 
nescence; with special -reference to (he mecha- 
nism of reversible and irreversible inhibitions by 
hydrogen and hydroxyl ions, temperature, pres- 
sure, alcohol, urethane and sulfanilamide in 
bacteria. F. H. Johnson, II. Evring (by invita- 
tion), It. .STi:m..ev (by invitation), II. Ch.vpli.v 
(by invitation). C. IIunEU (by invitation) and 
G. GuEUAnni (by invitation). Dcpls. of Biology 
Olid Chnnistry, Princeton Unit'.. Princeton, N, J. 
1 he available evidence indicates that in Cypridina 
exiraets and in bacteria, luminc.scencc inteiL«ity 

(I) is proiK)rtion.al to the rate of luciferin (LH-) 
oxidation by lucifenvsc (A) in prc-'cnce of 0-. 
I.xcitation of E, followed by radiation, occurs 
in an electron transfer between semi-oxidiied 


molecules, from -A.L~ to LH. Inhibitions bj^ H+ 
and by OH“ are largely reversible over a wide pH 
range. The pH-activity curve for luminescence 
of P. phosphoreum in phosphate buffered isotonic 
NaCl solution is given by the equation : 

log _ i\ = Kh*[H+] -f Koh-[OH-] 

\ lother pH / 

in which the equilibrium constant Kn-f- = 4.84 
X 10* and Kqh- = 4.8 X 10®, and the pH optimum 
= about 6.5. 

The relation between luminescence intensity 
and pH varies with both temperature and pres- 
sure. -At extremes of pH and normal optimum 
temperature, irreversible inhibitions occur. -At 
above-optimum temperatures, destruction occurs 
most slowly at about pH 6.5, by a reaction that is 
independent of the reversible temperature inac- 
tix'ation of the sj'stem. Hydrostatic pressure 
tends to counteract both the reversible and ir- 
reversible inactivations. 

Reversible inhibitions by sulfanilamide resemble 
the reversible effects of hydrogen ions, except for a 
pressure insensitivity. The inhibitions bj' both 
agents decrease with rise in temperature. 

Rex'ersible inhibitions by urethane and by alco- 
hol increase with rise in temperature, and are 
largely counteracted by pressure. The chemistry of 
enzyme-inhibitor combinations is discussed, and 
theoretical formulations derived for analyses of 
quantitative data. 

Factors controlling intramyocardial pressure. 
J. Raymond Johnson. Dept, of Physiology and 
Pharmacology, , Long Island College of Medicine. 
In order to understand better the effects of m 3 ' 0 - 
cardial contraction on coronary blood x’cssels and 
blood flow, and attempt has been made to analj'zc 
and evaluate certain factors which control this 
compression effect. 

Intramx'ocardial pressure changes have been 
recorded opticallj' from artcrx' segments imbedded 
in the wall of the left ventricle during altered dy- 
namics of the heart beat. These changes have been 
correlated with changes in the ventricular volume 
and compared with certain measurements obtained 
from skeletal muscle. The factors considered in the 
analysis and the deductions reached max' be sum- 
marized as follows : 

(1) Initial length of muscle fibers. Incrc.aaing 
initial volume in the left ventricle increases its 
capacity for dex'cloping higher intramuscular pres- 
sure, but the pre.ssure actually developed depends 
upon conditions during the contraction. 

(2) Resistance to muscle shortening. tVith in- 
cre.asing .aortic re.'istance contractions of the left 
ventricle I'ocomo more ncarlx' isometric and intra- 
muscular pressure approaches a inc.asurc of the full 
force of contraction. 

(3) Contracted length of muscle fibers. Other 
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factors remaining reasonable constant, nij^ocardial 
compression at any level varies inversely with 
ventricular size at the end of systole. 

(4) Rate of muscle shortening. Changes in intra- 
rayocardial pressure accompanying alterations in 
the rate of ventricular emptying indicate that the 
gradient of pressure from endocardium to epicar- 
dium is probably an uneven one throughout most of 
systole and may alter appreciably with various 
dynamic changes. 

The acid-base binding properties of normal and 
pathological synovial fluid. Normak R, Joseph 
(introduced by C. I. Reed). Dept, of Physiology, 
Vniv. of Illinois, Chicago Colleges. The acid-base 
titration curves of normal and pathological human 
synovial fluid were determined on small samples 
of natural and electrodialyzed specimesn. Speci- 
mens free of chloride and base were prepared by 
electrodialysis of a small volume (1 to 5 cc) of fluid 
with a mercury anode and cathode and cellophane 
membranes. The pH of the resulting preparation is 
taken to represent the composite isoionic point of 
all the non -diffusible components, and as the point 
of zero acid-base binding. The material is titrated 
with 0.1 N HCl or KOH over the pH range 2 to 11, 
with a glass electrode assembly. Titrations are also 
made with the natural fluid for comparison. From 
the data the base bound at the natural pH of the 
fluid can be determined, and also the buffering 
capacity at any pH. 

Normal fluids were obtained from autopsies per- 
formed on hospital cases within a few hours after 
death. The pathologic.al cases were those of ar- 
thritis patients, the material being obtained by 
aspiration of the joint. The mean pH of the normal 
fluids is in the neighborhood of 7.3, while that of 
the pathological fluids is approximately 7.6, several 
of the values approaching a pH of S. The base 
binding capacities of the two types of fluid do not 
greatly differ, and are of the order of 50 millimoles 
per liter. In the case of the natural fluid, it is about 
10 millimoles per liter greater than that of the 
electrodialyzed fluid, because of the removal of the 
diffusible buffers, phosphates and carbonates. The 
buffering power of the normal fluid is poor in the 
physiological and alkaline range, but high in the 
acid range, while in the pathological fluids it is 
quite high over the entire range. The composite 
isoionic point of the normal fluid is at pH 3 or lower. 
That of the pathological fluids is in the neighbor- 
hood of pH 4. These differences can be interpreted 
as being due to the presence of a relatively high 
concentration of indiffusiblc acid pol 3 'saccharidc in 
the normal as compared with pathological fluid, and 
a high concentration of protein in the latter. 

The determination of the pH of animal tissues 
with a needle reference electrode. Nonxi.vx R. 
JosF.eiiand Edmukd Ho.mbcrger (both introduced 
by C. I. Reed). Dept, of Physiology, Unit', of Illi- 


nois, Chicago Colleges. A micro cell without liquid 
junction, consisting of a glass electrode and a 
silver-silver chloride electrode, is assembled in the 
following manner. An 18 or 20 gauge stainless steel 
needle is insulated on the outside, and the lumen is 
electrolytically plated with silver and finally with 
silver chloride. The glass electrode is prepared as 
a fine sealed capillary containing standard dilute 
HCl and an Ag-AgCl electrode. This is inserted 
into the needle reference electrode, the sealed tip 
flush with the tip of the needle, the two half ele- 
ments forming the cell ; 

Ag/AgCl/HCl, (.01 m)/glass/Unknown/AgCl/Ag 

The E.M.F.of the cell is determined with a sensi- 
tive electrometer. It is related to pH by the equa- 
tion 


E = E®-f 


4.606 RT 

F 


pHCl 


where 


pHCl = ^-pH + JpCl 

by definition. E° is the standard potential of the 
cell, determined in a solution of known pHCl. 

Measurements on blood, body fluids- or tissues 
have been made, using rats or dogs. Values of pHCl 
have been obtained on the following : arterial and 
venous blood, pericardial fluid, peritoneal fluidt 
muscle, synovial fluid, and heart. Values of pH can 
be derived wherever pCl can be independently 
estimated. Changes of pH produced by injection of 
dilute acid or alkali into various tissues have been 
studied with the electrode. Because of the small 
dimensions of the assemblj”, minute, sharply 
localized penetrations can be made without surgieal 
procedures, and with a minimum of injury'. Rapid 
determinations are possible. 

The relation of basal metabolic rate in students 
to the results of various test^ for physical fitness 
and mental staleness. FnEnERic T. Jung, Lilwak 
E. CrsLER (by invitation) and Mason S. MAyNAU" 
(by invitation). Dept, of Physiology, Northv)esl(^ 
Unity. Medical School, Chicago. The subjects wem 
37 volunteers, aged 18 to 25 years, who were begin- 
ning their first quarter in medical school. They 
filled out an enthusiasm-staleness questionnaire, 
took the Flack neurocirculatory test, had a basa 
metabolic rate determination on each of two occa- 
sions separated by' an interval of 3 to 5 days, ani 
gave blood for determinations of cell-pack volume, 
sedimentation rate, and differential leucocyte 
count. The enthusiasm-staleness score (ESS) 
satisfactory' self-correlations as well as positi'^ 
correlations with other measures of aptitude nut 
scholarship, but was negatively- correlated with a 
the desirable physical measurements such as t ic 
hematocrit reading and positively correlated vd i 
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undesirable scores like high lymphocyte percentage 
and fast pulse. The BMR’s at the first session 
averaged — S.9% and at the second —6.3%; they 
confirmed the prevailing belief that either medical 
students run below the average for the general 
population or that the standards are too high. High 
scores in the Flack test were positively correlated 
with other indications of unfitness such as sub- 
standard weight, high lymphocyte percentage, low 
hematocrit reading, and high BMR. The strongest 
correlation found was that relating high lympho- 
cyte percentage to low hematocrit ; this correlation 
was also found in data collected by Hepler from the 
records of 160 dispensary patients. 

Pulse reaction to step-up exercise on benches of 
different heights. Peteb. V. K.«iRPOvtcH, Major 
Edwin R. Elbed, Air Corps (by invitation), Lt. 
E. L. Green, Air Corps (by invitation), Corporae 
R. R. Ronkin, Medical Dept, (by invitation) and 
A-NNEttb F. McLemore (by invitation). AAF 
School of Aviation Medicine, Randolph Field, 
Texas. Step-up exercises are becoming increasingly 
important in the testing of muscular proficiency 
and cardiac response of convalescent patients. 
Since the tost using 24 steps per minute on a 20- 
inch bench (J. A. M. A. 126 : 873 (Dec.) 1944) is 
tf>o strenuous for some rheumatic fever patients, 
the use of lower benches was suggested. In order to 
<letormino the pulse reaction of normal individuals 
to exercise on benches of different heights, the pres- 
ent study was undertaken. Seventy-two healthy 
aviation students were each tested 10 times, 
once for 30 seconds and once for GO seconds on 
benches of 5 different heights (12, 14, 10, 18, and 
20 inches). Half-minute pulse counts were taken 
before, immediately after, and one minute after 
e.vercisc. Testing order was randomized and thus 
was eliminated as a factor influencing pulse rc- 
.sponsc. The average pulse rate immediately after 
.30 seconds of exercise was 3.7 beats per minute 
greater for each 2-inch increase in height of bench; 
after CO seconds, the average increment was 5.6 
heats per minute for each 2-inch increase in bench 
height. The pidse rate one minute after exercise 
generally fell below the resting pulse, except th.at 
it was slightly alxivc the resting pulse after GO 
.M'cnmls of exercise on the 20-inch bench. 

Studies on (he innervation of the guinea-pig 
heart. Cornemus T. Kayi.or (introduced by Jane 
S. Robb). Depi. of .Inafomp, Sijracusc Univ. Cfll- 
hijr of Medicine, Sijracusc, A'. )'. The present work 
consists of a study of serial sections of the guinea 
pig heart stained liy the Cajal silver nitrate 
niethiKl. This allows a differential staining of the 
nerve fil)ers to the heart; the sympathetic {>ost- 
ganglionic fibers ap)X'ar yellow while all other 
filKTS stain brvnvn to black. 

it lues K'cn demonstrated (Nonidez, '39, ’43) in 
the dog, cat, and monkey heart tiiat th.c bulk of 


the deeply stained parasympathetic postgang- 
lionic fibers end on structures above the coronary 
sulcus, i.e. on the nodes of the conductive system, 
the arteries and myocardium of the atria and 
auricles. The lightly stained sjunpathetic post- 
ganglionic fibers supply chiefly the ventricles. 

In the guinea pig, it was observed that most of 
the deeply stained fibers are distributed to the 
A-Y node, the main bundle and the bundle 
branches even out into the lateral walls of the 
ventricles. In contrast to the distribution of dark 
fibers to the ventricles, the atrial musculature and 
S-A node are sparsely supplied with deeply stained 
fibers. The course of the postganglionic sympathe- 
tic fibers could not easily be followed. 

When the vagi are stimulated with weak currents 
in guinea pigs under pentobarbital anesthesia, the 
electrocardiogram indicates that the ventricles are 
affected sooner and to a greater extent than the 
atria. Thus the phj’siologj' of this heart is in accord 
with the anatomical distribution of presumably 
parasympathetic fibers. 

Selective and enduring dysreflexia following 
transections of the upper brain stem.‘ Alle.v D. 
Keeeer. Dept, of Physiology and Pharmacology, 
Baylor Vniv. College of ilfcdiciric. On the basis of 
“gross clinical inspection,” a profound and endur- 
ing dysreflexia invariably follows a transection of 
the brain stem at any level through the midbrain 
and upper pons. This dysreficxis is selective to the 
extent that the reflexes which arc eliminated or 
depressed vary with the level of the brain stem 
transections. Preparations having transections at 
various levels have been studied up to ten weeks 
after operation. 

The scratch and crossed extension responses are 
permanently eliminated by a transection at any 
level of the midbrain and upper pons. The standing 
reflex, muscle tonus, the sliake reflex, and the 
flexion rcsixmse are permanently eliminated, only 
when the transection passes appropriately through 
the ceplialic jxms. Transections through the mid- 
brain do not materially alter muscle tonus, the 
standing reflex, or the shake reflex; wherc.as the 
flexion response is either absent or very weak dur- 
ing the acute stage, but eventually returns to near 
normal. The corneal, swallowing, and cough re- 
flexes exhibit some depression immediately follow- 
ing transections at the above-mentioned levels, but 
eventually return to norm.al or near norrmd. 

The reflexes which were Ic.ast disturl>cd were the 
knee jerks, urine voiding, and defecation reflexes. 
Erratic knee jerks were encountered on only one or 
two occasions, and lhe.=c in atonic pre]iarations. In 
these instances, there n-as a tem]v>rary depression 
only, and the tendon rcsiX)nso eventmlly returnc<l 


• .ti'ii-i a era.-;! fr..ai itia J.4in ar. Mary It. Mar lie Fo-jr.- 
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to normal. Most of the preparations having transec- 
tions through the cephalic pons exhibited bilateral 
knee jerk responses, i.e. both of the legs jerked 
when only one tendon was tapped. 

Certain of these observations have been reported 
previously (.4ni. J. Physiol. 123: 115, 1938; 126: 
552, 1939). 

A brain stem mechanism for facio-vocal activity. 
A. H. Kelly (by invitation), L. E. Beaton (by 
invitation) and H. W. Magoun. Dcpl. of Anatomy 
and Inst, of Neurology, Northwestern Univ. 
Medical School, Chicago. On the basis of clinical 
cases in which the two have been dissociated, it 
has been suggested that the neural control of the 
facial and vocal musculature is a dual one, involv- 
ing both a cortical mechanism for volitional in- 
nervation and a sub-cortical mechanism concerned 
with the initiation of facio-vocal activity in the 
expression of emotion. 

The potentialities of this postulated sub-cortical 
mechanism have been studied after chronic brain 
stem lesions produced in cats chosen for their nor- 
mal or exaggerated display of facio-vocal activity 
upon nociceptive stimulation or when confronted 
with other animals. 

Facio-vocal activity was still exhibited after 
lesions destroying the entire caudal hypothalamus 
or large areas of the midbrain at the level of the 
rostral portion of the superior colliculi, or after 
complete transections through the rostral midbrain 
These results indicate that its mechanism must 
exist below diencephalic or rostral midbrain levels. 

All facio-vocal activity was abolished after le- 
sions destroying the central grey and adjacent 
tegmentum at levels through the caudal part of the 
superior colliculi. Similar results followed large 
lateral tegmental lesions more caudally placed at 
the transition level from the inferior colliculi to 
the pons. 

This midbrain and pontile region, the destruction 
of which was followed by a loss of facio-vocal be- 
havior, includes that area in which direct stimu- 
lation had previously been found to jdeld facio- 
vocal responses. The two lines of evidence seem 
both to demonstrate the presence of a sub-cortical 
facio-vocal mechanism and to indicate its midbrain 
and pontile position. 

The size of the human heart as a physiological 
variable. Axcel Keys and Angie M.ae Sturgeon 
(by invitation). Laby. of Physiological Hygiene, 
Unit’, of Minnesota, Minneapolis. Systolic heart 
sizes in normal young men were measured from 
posterior-anterior tclerocntgonkymograms. Vol- 
umes were calculated as in Amer. J. Roentgen. 
Rad. Ther. 44: SOo (1940). Reliability of a single 
volume estimation was calculated from So pairs of 
■ films; the correlation was 0.99 and the standard 
deviation between duplicates was il5.97 ml. In 
22 experiments the heart size was larger in the 


seated as compared with the standing position 
(volume : 590.2 versus 552.7 ml., transverse di- 
ameter; 11.50 versus 11.23 cm.) The standard de- 
viations of the differences were ±7.11 ml. and 
±0.077 cm., with t values of 5.277 and 3.418, re- 
spectively. Three days of hard work without food 
(5 experiments) caused a reduction in volume 
(537.0 to .466.8 ml.) and transverse diameter (11.35 
to 10.31 cm.). Standard deviations of these differ- 
ences were ±15.70 ml. and ±0.132 cm., with t 
values of 4.47 and 7.92, respectively. Three weeks 
of bed rest (11 experiments) produced a decrease 
in volume (581.6 to 478.1) and transverse diameter 
(11.74 to 10.45). Standard deviations of these differ- 
ences were ±13.38 ml. and ±0.160 cm., with f 
values of 7.74 and 8.06, respectively. The reduction 
in heart volume in the starvation experiment is 
significant at the 2% level. All other differences 
noted above are significant at the 0.3% level or 
better. 

Body size and energy metabolism during preg- 
nancy of normal and precocious rats. Max Klei- 
ber and H. H. Cole (by invitation). College of 
Agriculture, U^iiv. of California, Davis. At the 
13th and at the 20th day of pregnancy the meta- 
bolic rate after 16 hours of fast was measured oa 
normal rats and on rats precociously sex-matured 
by injection of equine gonadotropin. Virgin rats- 
served as controls. 

At the 13th daj' of pregnancy the metabolic rate 
per unit weight of the normal rats was increased 
16 per cent. The corresponding metabolic increase 
in precociously pregnant rats was only 5 per cent 
and was statistically insignificant. At the 20th day 
of pregnancy the metabolic rate per unit weight of 
the normal rats was 9 per cent above the cor- 
responding rate for virgin controls, a difference 
statistically not quite significant. At this state of 
pregnancy the precocious rats had the same 
metabolic rate per unit weight as their virgn* 
controls. 

Microrespiration trials on uterus tissue combined 
with results of earlier measurements on fetuses 
were used to estimate for the metabolic rise during 
pregnancy a partition between fetal tissue, uterus, 
and the rest of the maternal body. 

Contrary to the surface law theory of pregnane) 
metabolism our results indicate that pregnane) 
stimulates the metabolic rate in maternal tissues 
aside from uterus. Diaphragm slices from mature 
rats in mid pregnancy has indeed a 10 per cent 
higher rate of oxygen consumption in vitro than 
diaphragm slices from virgin controls. 

The effect of hemorrhage upon the amino nifrO' 
gen concentration of the blood.* D. L. Kline (in- 


• This work was done under n contrnct, recommended hj ' 

Committee on Medical Research, between the Office of Scicn i ‘ 
Research and Development and Columbia University. 
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reduced by-M. I. Gregersen). Dcpl. of Phij&iology, 
lollege of Physicians and Surgeons, Columbia 
Jniv. Fatal hemorrhagic shock vras produced by 
Valcott’s method (1944) in dogs in which a modi- 
ied London cannula had been placed on the portal 
fcin. Samples for amino K analyses were drawn 
imultancously from the portal and hepatic veins 
ind from the femoral artery and vein. The arterial- 
emoral venous differences, the arterial-portal 
/enous differences, and the portal hepatic venous 
lifferences could thus be obtained to measure the 
thanges in amino H concentration as the blood 
lowed through the leg, gut, and liver respectively. 

After hemorrhage the amino N concentration 
increased steadily reaching its highest value ter- 
minally. The arterial-femoral venous differences, 
which were zero before bleeding, increased follow- 
ing hemorrhage and then fell terminally. The 
vepous concentration was always higher than the 
arterial, demonstrating addition of amino H to the 
blood by the tissues of the leg. The portal concen- 
tration was consistently higher than the arterial, 
showing a progressive addition of amino N from the 
gut. Also the portal concentration of amino N was 
always higher than that observed in the hepatic 
venous blood, indicating the removal of amino N by 
the liver. Although the portal-hepatic differences 
rose steadily up to the end, this did not prevent the 
rise in arterial concentration of amino N. 

Age and sex difTcrcnccs in resistance to anoxia. 
R, F. Kmnb (by invitation) and S. W. BnmoN. 
Dept, of Physiology, Univ. of Virginia Medical 
School, Charlollcsi'illc. Responses to anoxia of dif- 
ferent age and sox groups have been studied. Rats 
(sex studies), cats, dogs and opossums were used. 
In most cases a reduced barometric pressure of 320 
mm. llg (22,000 ft. alt. equivalent) was employed 
in closed cliaml)crs, at controlled environmental 
temperatures. 

The youngest ago groups — fetal or newborn ani- 
mals— showed extremely long survival periods, 
ranging from 25-50 hours in some c.ases. Brief sur- 
vivals similar to those of the adult aninurl were not 
observed until about weaning age. 

Marked sex differences in survival of rats to 
anoxia were observed over a wide chamber tempera- 
ture range. At the lower air temperature levels, r. 
10°, femalo.s withstood anoxic cxjrosurc from 25 to 
50 per cent longer than nrale.s ; averages of 190 mins, 
for males and 200 mins, for females were found, 
using the closed chamber method. The curves of 
survival gradually approximated at higher tem- 
I'cratures, but some differences were apparent even 
3,'5°. Similar sex differences were noted when 
thnnigh ventilation was cm|iloycd at higher alti- 
tude equivalents. 

lislrvius conditions and estrogens, castration, 
etc., do not npiwar related to the different re- 
sjionses. 


Effects of alteration of blood pH on electrical 
excitability of the nervous system. Harold 
Koesig (introduced by W. F. Windle). Inst, of 
Neurology, Northwestern Univ. Medical School and 
The Chicago Medical School, Chicago. Cats anes- 
thetized with chlorolosane were made acidotic 
slowly with a lactate buffer administered by veno- 
clysis. Stimulating electrodes were placed on 
peripheral nerv'es and, by means of the Horsley- 
Clarke stereotaxic instrument, in cell groups in the 
brain. Blood pH was followed throughout the 
experiment. Stimulation thresholds for elicitation 
of the various appropriate responses were deter- 
mined before administration of the buffer and at 
intervals as blood pH was falling. Normal pH was 
about 7.50; minimum obtained was 6.75. 

The threshold for motor nerves remained un- 
changed . The threshold for cranial motor nuclei was 
unchanged, or slightly altered when the pH was 
kept at a low level lor a considerable period of time. 
The threshold for the facial motor cortex rose at 
higher pH values and to greater extent than did 
that for the facial nucleus. Threshold for a reflex 
response mediated through the sciatic nerve upon 
stimulation of the saphenous nerve was the most 
greatly affected. Previous section of the spinal cord 
in the thoracic region did not change this latter 
observation. 

Significant clvangcs in electrical excitability oc- 
curred when the pathway consisted of more than 
one neuron. Excitability was diminished in propor- 
tion to the decrease in blood pH. The effects were 
reversible. l.4fdcd by a grant from the National 
Foundation for Ijifantilc Paralysis, Inc.] 

The effect of various types of electrical stimula- 
tion and of frequency of stimulation upon muscle 
atrophy in the rat. A.J.Kosm.vx (by invitation), 
S. L. O.snoRxr.and A. C. Ivr. Dept, of Physiology, 
Northiccstcrn Univ. Medical School, Chicago, 111. 
Tlic sciatic nerve was sectioned bilaterally in three 
grouijs of 15 rats each. In one group, the denervated 
gastrocnemius on one side was stimulated with an 
“interrupted galvanic" current jin a second, with 
a “slow sinusoidal” current and in a third, with a 
25 cycle altcrn-ating current. Each group was 
treated once daily for 2S days following denerva- 
tion at which time the animals were sacrificed and 
l)Oth gastrocncmii weighed. The mean difference 
in per cent Ijotwoen treated and untreated muscles 
for each group was : “interrupted galvanic" : ±19.5 
percent ; “slow sinusoidal” : ±3.2 percent ; 25 cycle 
A.C.: ±51.0 per cent. The greatest retardation of 
weight los.s was obtained with the 25 cycle A.C. 
Of the other two typc.s of current, Iwth of which 
are in common clinical m^o, the "internipted gal- 
vanic" is apixarcntly more effective. 

In o groiips of 10 rat.s each the ga.strocncmins on 
one side was stimulated with a 25 cycle .\.C. .w 
follows; Group ,V: once daily for 10 minutes; 
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rise of blood pressure produced by renin in the 
intact animal. 

These results suggest that in the course of pro- 
ducing vasoconstriction in the intact rabbit hyper- 
tension is withdrawn rapidly from the general 
circulating blood probabl}^ by combination with 
the vascular smooth muscle, and that any hyper- 
tension not so combined seems to disappear too 
rapidly to permit assay by the rabbit’s ear method. 
These findings help to explain the negative results 
usually obtained in assays of systemic blood from 
hypertensive animals or patients, and also for the 
negative results obtained in indirect transfusion 
experiments. 

Effect of structural modification on the anti- 
cholinergic action of some basic esters. A. M. 
Lands, V. Loraine Nash (by invitation) and 
Kathryn Z. Hooper (by invitation). Pharmaco-_ 
logical Research Laby., Frederick Stearns and Coni' 
pany Division, Detroit, Mich. A number of syn- 
thetic basic esters, described below, have been 
made available to this laboratory for investigation. 
Their action on isolated segmentsof rabbit jejunum 
was determined according to the method of Mag- 
nus. ^-Diethylaminoethyl acetate (I), 1-100,000 
cause acetylcholine-like contractures that are 
readily relaxed by atropine sulfate. When acetyl- 
choline, 1-1,000,000 or I, 1-100,000, are used to 
induce contracture, these contractures may be 
relaxed as indicated below. 

/3-Diethylaminoethyl 
glycolate (II), 1-10,000 to 1-20,000 
phenylacetate (III), 1-100,000 
phenylglycolate (IV), 1-200,000 to 1-500,000 
cyclohexaneacetate (V), 1-200,000 to 1-500,000 
cyclohexaneglycolate (VI), 1-500,000 
diphenylacetate (Trasentin) (VII), 1-500,000 
to 1-1,000,000 

phenyl-a-thienylacetate (VIII), 1-5,000,000 
diphenylglycolate (IX), 1-40,000,000 to 1- 
50,000,000 

phenyl-a-thicnylglycolatc (X), 1-60,000,000 
cyclohexyl -a-thienylglycolate (XI), 1-80,000,- 
000 to 1-100,000,000 

Atropine sulfate, 50,000,000 to 100,000,000 
From the above, it will be noted that the unsub- 
stituted acetic ester is cholinergic and becomes 
anticholinergic (antispasmodic) when one or more 
of the hydrogen atoms are replaced. The substitu- 
tion of an hydroxj'l for one of the hydrogens as in II 
results in a compound that does not stimulate the 
isolated jejunal segment and will abolish contrac- 
tures induced by I. The substitution of phenyl, 
cyclohexj’l or ar-thienyl groups for the hydrogens 
of the methyl group of the acetate further increases 
the antispasmodic potency against contractures 
induced by acetylcholine or I. Compounds contain- 


ing the a-thienyl group appear to be more anti- 
cholinergic than their corresponding phenyl analogs. 
Thus VIII > VI, X > IX, and maximum activity 
is found in XL Greatest activity is obtained with 
the trisubstituted acetates X and XI wherein each 
substituent differed from the other. These latter 
substances equalled or exceeded atropine in their 
action on the jejunum. Anticholinergic action on 
the salivary glands, iris, and cardiovascular system 
was determined and comparable results w'ere ob- 
tained. Compounds II to VI exerted little or no 
demonstrable anticholinergic action in these or- 
gans, VII and VIII were anticholinergic in rela- 
tively high concentration and IX, X and XI were 
anticholinergic in relatively low concentration. 
(Compound II was prepared from the crude 
hydrochloride, III from the free base, from w'hichs 
hydrochloride solution was prepared. All others 
were prepared from the hydrochloride salts.) 

Effect of withdrawal and injection of cells on 
the apparent total circulating cell volume. Hamp- 
den Lawson and W. S. Rehm (by invitation). 
Dept, of Physiology, Univ. of Louisville School of 
Medicine, Louisville, Ky. Plasma volume was esti- 
mated as the dilution volume of the dye T-1824 in 
intact barbitalized dogs. Total cell volume was 
calculated from the plasma volume and thh cell- 
plasma ratio in drawn blood. These measurements 
and calculations were repeated at intervals during 
a nearly complete controlled exsanguination, at 
the end of which w-hole blood or gelatin solutions 
were injected. Four hours later a second “direct 
determination of plasma volume w'as made, and 
the animals w-ere bled to death. Plasma and cell 
volumes w-ere again estimated at intervals dunng 
the final exsanguination. Plasma volume measured 
at any time during either exsanguination was 
greater than the original volume minus the volume 
drawn. During the first bleeding the apparent cell 
volume w-as in some cases greater, in others less, 
than the original volume minus the volume drawn. 
Following the injection of cells, the average in- 
crease in circulating- cell volume was about 29% 
greater than the volume of cells injected. There 
was no change follow-ing the injection of cell-free 
fluids. On the final bleeding, the average loss of 
cells W’as about 29% greater than the volume of 
cells withdrawn. These findings are consistent with 
the view' that drawn blood has a higher cell-plasma 
ratio than the mean ratio for the cardiovascular 
system as a whole, after the splenic reservoir has 
been emptied. 

Blood proteins of normal and hypophysccto- 
mized rats in reference to high protein diet.' J amus 


• Publication of the Bureau of Biological Kescardi, Rutgers 
Univeraity. 
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H. Lemhem (introduced by W. W. Swingle). 
Depl. of Zoology, Rutgers Univ., New Brunswick, 
N. J. Protein metabolism is influenced by the 
adrenal cortex. Moreover, a high protein diet may 
increase adrenal size and perchance influence gland 
function so that these studies on blood proteins 
were undertaken. Adult male rats were fed ad lib. 
a diet containing 83% protein (78% casein) over a 
20 day period and blood protein level were com- 
pared with rats eating ad lib. a stock diet contain- 
ing 33% protein. Blood NPN was above normal but 
total protein levels and plasma albumin and 
globulin concentrations were unaltered. Body 
weight increased normally. A similar experiment 
using 40 day old rats over a 54 day period yielded 
identical results. Adrenal hypertrophy was not 
observed. 

Adult rats eating the stock diet but pair fed with 
rats eating the high protein diet exhibited a 20 
gram decrease in body weight. The blood protein 
revealed a slight fall in total protein due to a de- 
crease in albumin concentration. 

Hypophyseetomy is followed by a marked de- 
crease in plasma albumin and an increase in plasma 
globulin concentration which is not influenced by 
otTcring a high protein diet to hypophysectomized 
rats eating ad lib. 

The utilization of dark adaptation in airline 
transport pilots. L. G. Leokuer. The Medical 
Dept. Pennsylvania-Central Airlines, Washing- 
ton, D. C. Utilizing the concept tliat red light inter- 
feres least with dark adaptation, installations were 
made on DC-3 standard Dougins. 

Airline pilots using this installation report less 
fatigue to the eyes after night flights and a distinct 
ability to see the terrain below in greater detail 
tlian ever before. Difficulties have been encoun- 
tered in that night vision is “washed out” when 
tile pilot approaches a brightly lit terminal or when 
flying in thunderstorms wherein frequent lightning 
flashes produce distinct contrast in lighting condi- 
tions. 

Studies made on developments in visual acuity 
after all-night flights with and without re-lighting 
do not show any distinct improvement in acuity 
when red liglits arc used and fall within the limits 
of cxporimcntal error. The beneficial results ob- 
tained, it is believed, have iK-cn due to improve- 
ment in niglit vision and a more rested, comfortable 
feeling in tlic eyes of pilots who have been engaged 
in night flight. 

Considerable opposition has l)cen encountered 
when pilots have not Wen adequately informed as 
to the merits of red cockpit lighting from a physi- 
ological st.andjKiint. It is. therefon', nrre.ss.ary to 
pri'cede any rjulical change in instrument place- 
ment or design by an educational prognrra fully 


explaining the physiological principles involved in 
understandable language. We feel that darkadapta- 
tion will be one of the major developments in 
modem aircraft cockpit lighting design. However, 
airport lighting should be closely co-ordinated with 
this program. 

Thromboplastic activities of various prepara- 
tions isolated from beef brain. Joseph Leix and 
Harry W. Hays (introduced by W. W- Swingle). 
Dept, of Pharmacology, Ciba Pharmaceutical 
Products, Inc., Summit, N. J. Preparations of 
substances having thromboplastic activity were 
isolated from beef brain andassayed quantitatively . 
Activities were expressed as percentage decrease in 
coagulation time due to the thromboplastic agent. 

The preparations were divided into two classes, 
(1) those containing protein and, (2) those consist- 
ing of phospholipids freed from protein contam- 
inants. The protein preparations were more active 
than the lipid preparations; while, the crude 
phospholipids were more active than the purified. 
The lipid preparations reached a maximum activity 
which fall off at high concentrations in contrast to 
the protein preparations which maintained a pla- 
teau of activity at high concentrations. 

A relatively potent lipid preparation could be 
isolated if precautions were taken to prevent the 
toss of active material through ethyl alcohol extrac- 
tion and to protect it from auto-oxidation. The most 
potent lipid preparation isolated was identified as 
a mixture of cephalin and lecithin. While the 
aclivitj' of this mixture at optimum concentration 
was considerably less than that of the potent pro- 
tein preparations, the minimum maount of material 
which caused a fifty per cent decrease in coagula- 
tion time approached that of the protein prepara- 
tion. 

The isolated phospholipid preparation could be 
stabilized through the addition of sufficient hydro- 
quinonc to prevent auto-oxidation. Preparations 
thus protected, rct.aincd their original color and 
activity for several months. 

The influence of various endocrine stoles upon 
the rate of protein breakdown in the eviscerated 
rat. R. Levine, T. A. Texidor (by invitation), A. 
L. .\nR.vMs (by invitation) and S. Soski.v. Dept, of 
Metabolic and Endocrine Research, Michael Reese 
Hospital, Chicago. The overall rate of protein 
catalxjlism is generally estimated from the nitrogen 
excretion in the urine. The rliangc in this excretion 
rate gives no indication whether this is due to 
changes in the rate of protein — • amino acid break- 
down, or to an effect on deamination and ure.a 
production. 

In order to sep.'irale the.ee phenomena we Lave 
ftudietl the influence of various endocrine stati’e 
ui>on the rate of rise of bloo<i amino acids in the 
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eviscerated rat. The Table shows the results when 
the rate of amino acid rise in the normal control 
animals is expressed as 100. 


Condition 

Kate of amino 
acid rise in 
blood 


100 

Diabetic (alloxan) 

404 

Hyperthyroid (thyroxin) 

230 

Hypothyroid (thiourea) 

42 

Hypophysectomized 

154 

Adrenalectomized 

95 

Diabetic given insulin 

46 

Normal given insulin 

22 

Diabetic given large amounts of glucose 

no 


These results demonstrate that the increased rates 
f protein breakdown due to lack of insulin and 
> ■'sed thyroid activity have a large peripheral 
Dmponent and can be demonstrated in the absence 
of the liver. Protein-sparing action of carbohydrate 
and insulin are also evident in the absence of the 
liver. 

We are now engaged in estimating the rate of 
urea production in perfused rat livers, under vari- 
ous conditions, in order to assess the influence of 
carbohydrate and of endocrine states on the 
hepatic component of protein catabolism. 

Sympathomimetic action of methyl-/3-cyclo- 
hexylethylamine. John R. Lewis (by invitation), 
Eleanor E. Rickards (by invitation) and A. M. 
Lands. Pharmacological Research Labij., Frederick 
Stearns and Com-pany Division, Detroit, Mich. 
Methyl-)3-cyclohexylethylamine, synthesized by 
Blicke and Monroe (J. Am. Chem. Soc. 61: 91, 
1939), is an active sympathomimetic amine. Intra- 
venous administration of aqueous solutions of the 
hj'drochlorido salt into anesthetized dogs in a dose 
of 0.5 mgm./kgm. caused an average rise in blood 
pressure of 55 mm. Hg., an increase in heart rate 
of 37 beats/min. and an increase in amplitude of 
beat of 43 per cent . Tachyphylax is was not observed 
with repeat injections. Recordings of the nasal 

’ ■ I ; by the method of Jackson indicated marked 
■constriction in the nasal mucosa. There was a 
-ansient reduction in rate and depth of respiration 
at the time of maximum blood pressure rise. Iso- 
lated segments of rabbit jejunum were relaxed in 
dilutions of 1-50,000 to 1-100,000. In anesthetized 
dogs, there was a reduction in tonus and motility 
of the jejunum in situ concomitant with the rise 
in blood pressure which lasted as long as the pres- 
sure was elevated. The isolated non-pregnant rat 
uterus responded to dilutions of 1-40,000 to 1-200,- 
000 by a reduction in both tonus and motility. The 
administration of relatively large doses intraperi- 
tone.ally into rats caused no demonstrable stimula- 
tion of the central nervous system. Acute toxicity 
was determined by intraperitoneal injection into 


albino mice. The LD 50 appears to lie between 
115-125 mgm./kgm. 

The free base of methjd-/3-cycl6he.xylethylamine 
has been synthesized by our Organic Research 
Department and supplied to us with the informa- 
tion that this substance is a colorless, relatively 
stable liquid, boiling at 76-77° C. at 8 mm. pressure 
and that it is insoluble in water but soluble in 
ordinary organic solvents. This material is volatile 
and has been tested as a volatile vasoconstrictor 
for the nasal mucosa. Preliminary investigation 
indicates that in this form it is equal or superior to 
equal or superior to ;3-phenylisopropylamine. 

The effect of diet on the susceptibility of rats to 
benzene poisoning. Tsan-wen Li (by invitation) 
and Smith Freeman. Dept, of Physiology, North- 
western Univ. Medical School, Chicago, III. Four 
groups of young adult male albino rats, 7-10 per 
group, were exposed to 600 P.P.M. of commercial 
benzene for 42 hours per week, for 12 weeks. Four 
similar groups served as controls. Two groups, a 
control and an experimental group, were fed one 
of the following diets: (1) high-fat high-protein 
(HH), (2) low-fat high-protein (LH), (3) high-fat 
low-protein (HL), (4) low-tat low-protein (LL). 
Lard supplied 55 per cent of the calories on the 
high-fat diet and 30 per cent on the low-fat diet. 
Casein supplied 27 per cent of the calories on the 
high-protein diet and 8 per cent on the low-protein 
diet. 

The exposed groups all gained less weight than 
the corresponding controls. The differences in 
weights were much greater in the low-protein 
groups. The exposed HL group lost weight during 
the experiment. The final w’eights for exposed 
groups were in the following order : HH > LH > 
LL > HL. The order in the control groups was 
HH > LH > LL > HL. The weight differences 
among the exposed groups were much greater than 
among the controls. Leucopenia occurred in all 
exposed groups and was more marked on the high 
fat diets. Anemia was present in all protein-defi- 
cient groups, and was similar in control and ex- 
periment groups. Food consumption of all groups 
was essentially the same except that the exposed 
low-protein groups ate less. Fatty livers were only 
found in protein-deficient groups and were more 
marked in the controls. [This study was assisted 
by a grant from the Velsicol Corporation.] 

The frequency of “peptic ulcer” in protein- 
deficient dogs. Tsan-wen Li (by invitation) and 
Smith Freeman. Dept, of Physiology, Northwest- 
ern Univ. Medical School, Chicago, III. This is a 
summary of the autopsy findings on 32 dogs that 
were maintained on protein deficient diets until 
moribund. The synthetic diet which supplied 40 
Cal. per pound of body weight daily was devoid of 
protein save for that contained in yeast, which 
made up 5 per cent of the diet. All autopsies were 
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performed immediately after moribund animals 
were sacrificed. Fifteen of these protein-deficient 
animals had "peptic ulcers", 13 had solitarj' ulcers 
of the duodenum near the pyloric sphincter and 
12 had ulcerations on the pyloric side of the sphinc- 
ter. Two other animals had superficial erosions of 
the gastric mucosa. 

The survival period of these dogs varied from 6 
to 22 weeks. No animals that survived less than 12 
weeks had an ulcer, other than this fact there is 
no correlation with the time of depletion. 

The incidence of ulcer in these animals did not 
seem to be correlated with any constituent of the 
diet, other than protein. Diete high and low in 
fat (33, 15 and 2 per cent) with or n-ithout choles- 
terol (0.1-0.2 gram/lb. body weight daily) or added 
bile salts (2.8 grams daily), caused a similar in- 
cidence of ulcer, nor could the dye clearance by the 
liver, elevation of serum phosphatase or fattiness 
of the livers be correlated with the frequency of 
ulcer. 

Position of carboxyl carbon of fed acetic acid 
in glucose from rat liver glycogen. Nathax Lif- 
soN, Victor Lorber and Harland G. Wood (by 
invitation). Dept, of Physiology, Univ. of Minne- 
sota ilfedteal School, Minneapolis. Buchanan ctal. 
(J.B.C. 150; 413, 1943) after feeding glucose and 
carboxyl labelled radioactive sodium acetate to 
fasted rats, found radioactive carbon in the liver 
glycogen. From comparison of these results with 
those obtained after administering radioactive 
NaHCOj, they concluded that all the labelled 
carbon appearing in the glycogen after such acetate 
feeding could bo accounted for by CO- fixation 
alone. 

Since Woodetal. (in press) have found that after 
heavy carbon (C”) administration as NaHCOi to 
rats, detectable labelled carbon appeared only in 
carbon atoms 3 and 4 of the glucose obtained from 
liver glycogen, it became of interest to determine 
whether the positions of the heavy carbon of such 
glucose after carboxyl labelled acetate feeding are 
the same ns after labelled NaHCOj administration. 

Fasted rats were fed by stomach tube glucose and 
sodium acetate with excess heavy carbon in the 
carboxyl group of the latter. The livers were extir- 
pated 2 to 3 hours later. The degradation products 
of the glucose obtained from the liver glycogen 
showed detectable excess C” present only in 
carbon atoms 3nnd 4 of the glucose, just as for CO; 
fixation. 

These results are consistent with exclusive in- 
coriximtion of the heavy carlion into the glycogen 
by CO; fixation, but they do not rule out other 
jMJssiblc routes. To investigate this point further, 
preparations have lieen initiated for repetition of 
these experiments with the use of acet.atc with 
t)oth earixm atoms labelled. 

The oxygen-hemoglobin dissociation curves of 


man determined in vivo.* J. L. Lilienthal, Jr. and 
R. L. Riley (introduced by C. L. Gemmill). 
School of Aviation Medicine, Naval Air Training 
Bases, Pensacola, Fla. The relations of oxygen 
tension and oxyhemoglobin saturation have been 
determined in man over the physiological range by 
analysing arterial and venous blood drawn at rest 
without stasis under normal conditions, during 
anoxia, and during reflex vasodilatation. The ten- 
sions were determined by the bubble method 
(Riley, Fed. Proc., 1945) within 8 minutes after the 
blood was drawn. Oxyhemoglobin contents and 
capacities were determined by the Roughton- 
Scholander microgasometric technic. A portion of 
the blood was equilibrated rapidly with 100 p.c. 
oxygen and the analyses for oxyhemoglobin capacity 
begun within 4 minutes after the blood was drawn. 
The rapidity of these analyses reduced to probable 
insignificance the errors introduced by the rever- 
sion of inactive to active hemoglobin which occurs 
in shed blood (Roughton et al. Am. J. Med. Sci. 
208: 132, 1944). The blood pH was not the same 
for all tensions, but varied within the normal 
physiological range. 

The activity during contraction of different 
parts of the same mammalian muscle, in situ.® 
Hans LSwenbach and J. E. Markeb (introduced 
by P. D. McCrea). Depts. of Physiology and 
Neuropsychiatry and Dept, of Anatomy, Duke 
Univ. School of Medicine, Durham, N. C. By a 
combination of photographic procedures the 
movements of exposed muscles in situ, "seg- 
mented" transversely by markers, were recorded 
in experiments on twenty dogs. Electrical stimuli 
were employed and sometimes movements were 
provoked by reflex action. 

Isometric and isotonic contractions occur simul- 
taneously in different "segments" of the same 
muscle. The ratio of the number of the isome- 
trically to the isotonically contracted "segments” 
is never constant but varies as the distance be- 
tween the points of attachment. Completely iso- 
metric contractions or completely isotonic con- 
tractions arc obtained only by detaching one end of 
the muscle. This agrees with findings of Bethe, 
Happcl and Fischer whose method is applicable 
only to the isolated frog muscle. 

When normal or curarized muscle is stimulated 
directly, or when but one main branch of tlie nerve 
supplying the muscle is stimulated, the other 
branches having been cut, another phenomenon 
occurs. The part stimulated shortens and the parts 
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unexcited by the stimulus show considerable 
stretch. 

Approximation of the points of attachment oc- 
curs only if the amount of shortening in one part 
of the muscle exceeds all the stretch that might be 
present in other parts . Electrical stimulation of the 
entire nerve approximates the points of attach- 
ment. Less movement of the joint is produced by 
stimulation of any one of the main branches of the 
nerve, or by direct stimulation of the muscle, be- 
cause the effect of shortening in one part is par- 
tially or completely cancelled by stretching in 
other parts. 

Experiments on tonal interference in the coch- 
lea. Kahl Lowy (introduced by E. A. Culler). 
Univ. of Rochester, Rochester, N. Y. The phenome- 
on of tonal interference in the cochlea, as de- 
ibed by Wever, Bray and Lawrence, was studied 
cats under nembutal anesthesia. 

The results indicate that; 1) relative reduction 
of the cochlear potential due to presentation of a 
second tone diminishes soon after death, 2) in ani- 
mals whose eighth nerve has been cut several weeks 
prior to the test, there is less cochlear interference, 
3) the mutual interference of two tones which, 
applied alone, yield equal cochlear response, is not 
necessarily the same. 

These observations make it somewhat doubtful 
if the problem of cochlear interference can be ade- 
quately treated without reference to neural inter- 
action. 

Pattern of human cardiac response to centrif- 
ugal force. C. A, Maaske (by invitation), 
Geokgb L. Maison and G. A. Hallenbeck (by 
invitation). Physiological Branch, Aero Medical 
Laby., Engineering Division, AAF Air Technical 
Service Command, Wright Field, 0. Man is admir- 
ably adapted for life on a planet where the normal 
force of gravity is as it is on earth. If he is seated, 
his circulatory system is adequate in most cases to 
maintain his sensorium alert at three times normal 
gravity. The primary mechanism by which this is 
ccomplished seems to be increased cardiac rate, 
entrifugal force has been used to simulate mul- 
lication of normal gravity. (See description of 
ccclerator under F. G. Hall). At the highest force 
level which over a ten second exposure did not 
produce visual changes the average increase in 
cardiac rate in 47 subjects was 27.42 per minute 
with a range from 13 to 47. At force levels which 
abolished peripheral vision heart rate rose (aver- 
age) 31.65 per minute (range 3 to 53) in 47 subjects. 
When force was adequate to abolish central vision 
cardiac rate rose 34.11 per minute average (range 
14 to 66) in 44 subjects. When the force is rapidly 
withdrawn at the end of the 10 seconds a brad 3 '- 
cardia is the rule with strong “vagal” beats. On 
the other hand continuance of these force levels 


beyond 10 seconds permits recovery of symptoms 
without accompanying further rise of cardiac rate. 

Toxicity of snake venom for developing frog 
larvae. David I. Macht. Pharmacological Divi- 
sionof theSinai Hospital Labs., Baltimore, Md. The 
toxicity of snake venoms in various concentrations 
was tested on larvae of Rana Sylvatica at various 
ages, from 2 days to 6 weeks old, during March and 
April, 1944. Venoms of five species of COLUBRI- 
DAE (Naja tripudians, Naja nivea, Bungarus 
fasciatus, micrurus fulvius, and Sepedon haemo- 
chates) and of five species of VIPERIDAE IBoth- 
rops atrox, Croialus ruber, Bites arietans, Agkist- 
rodon jnokasen, and Daboia) were examined by 
dissolving the dry scales in physiological saline 
and then diluting with water. The pH of all the 
diluted solutions was the same as tested by the 
potentiometer. Tadpoles placed in control solutions 
lived for many days, while those immersed in 
venom solutions were more or less poisoned. In 
respect to potency, all the Colubrine venoms were 
very toxic, while all the Viperine venoms were 
much less so. For example. Tadpoles seven days 
old placed in solutions of Cobra and other Colu- 
brine venoms 1:1000 died within 15 to 20 minutes, 
while those immersed in Viperine venom solutions 
1:1000 succumbed in 8 to 15 hours. Remarkably, 
Colubrine venoms were even more toxic for older 
larvae, e.g. 35 days old, than for younger Tadpoles, 
e.g. 7 days old. This was not the case with Viperine 
venoms. Cobra neurotoxin solution, prepared ac- 
cording to Van Esveld, was nearly as toxic as solu- 
tions of crude venom of strength corresponding to 
its neurotoxin yield. The greater toxicity of cobra 
venom for older than younger tadpoles might per- 
haps be explained by the greater development of 
the C.N.S. in the former. 

Sensory effects of centrifugal force on man when 
seated. Geoege L. Maison, C. A. Maaske (by 
invitation) and E. E. Maetin (by invitation). 
Physiological Branch, Aero Medical Laby., En- 
gineering Division, AAF Air Technical Service 
Command, Wright Field, 0. As of 1 January, 1945, 
276 persons have been exposed to centrifugal force 
on the AAF human centrifuge during its 19 months 
in operation. The character of the exposures in- 
volves a rigid pattern in which the centrifugal 
, force is brought as rapidly as possible to the peak 
force desired, maintained at that level for 10 
seconds, and withdrawn as rapidl}' as possible. 
The actual rate of rise of force is between 2 and 3 
gravitational units per second. (Details of the 
accelerator used will be found in a motion picture 
demonstration. See abstract under F. G. Hall.) 

The outstanding sensory effects of centrifugal 
force on man are visual. Subthreshold levels aver- 
aged 3.4 gravitational units with a range from 2.6 
“g” to 4.9 “g”. Peripheral vision dimmed on the 
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•average at 3.9 "g” with a range from 2.8 to 5.2. 
Peripheral vision was lost at 4.5 “g” (average), 
Tange 3.1 to 6.6. Central vision was lost at 5.0 “g” 
range 3.2 to 7.0. Complete abolition of sight and 
hearing occurred at 5.6 "g”, range 4.0 to 7.0. Pro- 
'longation of a given force level beyond 10 seconds 
if it does not cause unconsciousness usually results 
in a recovery of the sensorium to a greater or lesser 
•degree. 

Effect of arterial blood gases and pH of breath- 
ing oxygen under pressure at simulated high alti- 
tudes. John P. Marbargeh, C. Bruce Tatxor 
and Marschelee H. Power (introduced by W. M. 
Boothby). Mayo Aero Medical Unit, Under Con- 
•tract No. AC 25829 with Wright Field. Two types 
pressure breathing equipment were used. (1) A 
pressure mask alone connected to demand oxygen 
regulator adjusted to function at pressures above 
ambient. (2) A closed circuit including pressure 
mask and inflatable jacket surrounding the chest 
•and abdomen was used in experiments at 50,000 
feet in which pressure exceeded ambient pressure 
■by approximately 33 mm. Hg. 

Experiments conducted in low-pressure chamber 
at room temperature : subject in recumbent posi- 
tion, operator sitting, standing, or moving. Dura- 
tion of positive pressure breathing before puncture 
•of the femoral artery varied up to 24 minutes. At 
pressures equivalent to altitudes of 41,000, 44,000, 
46,000, and 50,000 feet, oxygen was delivered 
through the breathing equipment at pressures of 
0, 13, 15, and 33 mm. Hg, above ambient, respec- 
tively. Under these conditions the means of the 
arterial oxygen saturations were 89.9 , 88.5, 77.8, 
and 76.4 per cent, respectively; the means for 
•carbon dioxide content were 45.7, 44.5, 46.1, and 
43.4 volumes per cent ; and means for pH were 7.41, 
7.49, 7.46, and 7.46. 

O.ximeter readings were in good agreement with 
the per cent oxygen saturation as determined by 
gasomctric analysis. 

Results demonstrate pressure broatliing to alti- 
tudes of 50,000 feet can maintain a tolerable oxygen 
supply, with but slight disturbance of bicarbonate 
equilibrium. Motion pictures of the arterial punc- 
ture technique taken at 50,000 feet showed subject 
and operator in good condition and the latter well 
coordinated. 

Fluid balance as influenced by carbon-dioxide. 
Edward C. Mason. Dept, of Physiology, Univ. of 
Oklahoma School of Medicine, Oklahoma City. 
There are several lines of evidence which makes it 
impossible to interpret the behavior of l>ody fluids 
in terms of simple osmotic relationship; "changes 
in the properties and activities of cytoplasm prob- 
ably explains many of the changes in the distribu- 
tion of Iwdy water” (Darrow). One of the most 
common products of tis.suc activity is carlx)n- 


dioxide and therefore we have focused opr interest 
on the action of this product. 

The hydrophilic capacity of frog muscle was de- 
termined, with and without the presence of 
carbon-dioxide, using ; distilled water, and gradu- 
ated concentrations of the following; sodium 
chloride, ammonium chloride, hydrochloric acid, 
sodium hydroxide, glucose, urea, sodium bicar- 
bonate, monobasic and dibasic sodium phosphate. 

Frog legs were sectioned at the hip joint, skinned 
and the entire limb and foot were weighed and 
immersed in 100 cc. of fluid contained in 150 cc. 
beakers. The muscles were again weighed at the 
end of 4 hours and 20 hours. At the end of 20 hours 
they Were subjected to an atmosphere of carbon- 
dioxide. In some experiments the muscle or the 
solutions were directly exposed to carbon-dioxide 
for various lengths of time before immersing the 
muscle. 

Frog legs hydrated, in distilled water for 20 
hours, lost approximately 42 percent of suchhydra- 
tion when subjected to an atmosphere of carbon- 
dioxide for 8 hours. Results obtained with solutions 
of the previously mentioned substances suggest 
that this action of carbon-dioxide is not duo to 
acidity changes. 

Concerning the mechanism of aggravation of 
diabetes by infections. Emilio M attar (by invita- 
tion), R. Levine and S. Soskin. Dept, of Metabolic 
and Endocrine Research, Michael Reese Hospital, 
Chicago. The production of a sterile empyema (tur- 
pentine) in depancreatized dogs leads to an in- 
crease in the blood sugar level of these animals. It 
is, of course, well known that many types of infec- 
tion lead to an aggravation of the diabetic state in 
humans. On the basis of simultaneous determina- 
tions of glucose, NPN, etc., of the whole blood and 
of the empyema fluid, Mcnkin contends that the 
concentration of these substances is signific-intly 
greater in the empyema fluid than in the blood. 
Therefore he concluded that the inflammatory 
focus is an added site of gluconcogenesis from 
protein and that this accounts for the rise in the 
hyperglycemia. 

We have repeated these experiments in 10 dogs. 
However, we determined the glucose and NPN 
concentrations in the fluid phases of lx)th the blood 
and the pleural effusion, since the cellular content 
of blood is always much greater than that of the 
effusion. The figures show that the concentra- 
tions of glucose and of NPN are essentially the 
same in the plasma and the supernatent iwrtion 
of the pleural effusion. There is no evidence of any 
gradient of these substances between the.sc two 
fluid compartments. In four dogs the liver was 
removed at the height of the inflammatory reaction. 
The rate of fall of tlie blood sugar W3.s equal to or 
somewhat greater than, the rate in control dcjian- 


50 


FEDERATION PROCEEDINGS 


creatized dogs. This demonstrates that the inflam- 
matory focus does not produce extra sugar. 

We conclude on the basis of these experiments 
that the rise in blood sugar which accompanies an 
infection in the diabetic is not due to gluconeo- 
genesis at the site of infection. It must be due to 
an increased sugar formation at the usual sites of 
gluconeogenesis (liver and possibly kidney). 

Longevity studies of certain pathogenic bacteria 
on a new culture medium. Ralph McBurney and 
Louise Rickeman Cason (introduced by E. B. 
Carmichael). Dept, of Bacteriology, School of Medi- 
cine, Univ. of Alabama. Studies of the growth of 
some of the more fastidious organisms which are 
encountered in bacteriological diagnoses have been 
undertaken using a splenic infusion in place of beef 
infusion base for the growth medium. An attempt 
has been made to determine the longevity of or- 
ganisms on this medium. 

Eleven different strains of pathogenic bacteria, 
consisting of streptococci, pneumococci, menin- 
gococci, gonococci, H. pertussis, C. diphtheriae, 
and H. influenzae were used in the experiment. 

Inoculations were made on various types of 
media consisting of splenic infusion agar with and 
without Vitamin Bj and splenic infusion gelatin 
with and without Vitamin Bi. At the same time 
inoculations on beef infusion agar with Vitamin Bi 
and beef infusion gelatin with varying amounts of 
gelatin both with and without Vitamin Bi were 
made. 

Monthly transfers from the original inoculations 
were made over a period of a year. Hemolytic and 
anhemolytic streptococci, pneumococci, and C. 
diphtheriae on splenic media were found to be alive 
for six months up to a year, which was considerably 
longer than on beef infusion media. 

Splenic medium was not conducive to the growth 
of H. pertussis or H. influenzae. However growth 
of meningococci and gonococci was most luxuriant 
on the splenic medium and both strains remained 
alive six weeks on this. Streptococcus viridans did 
not survive as long on the splenic medium as on the 
beef infusion medium. 

In as much as the growth of all strains was so 
profuse, it is deemed advisable to use splenic in- 
fusion media for carrying stock cultures of the 
organisms investigated, other than H. pertussis 
and H. influenzae, over long periods. 

Blood pressure effects of renin and of changes in 
intracranial pressure following decerebration and 
cord section. Robert H. McC.arter (by invita- 
tion), AI. H. F. Friedman and Francis M. Fors- 
ter (by invitation). Depts. of Physiology and 
Neurology, Jefferson Medical College, Philadelphia. 
The effects on blood pressure produced by intra- 
venous administration of renin and by increasing 
the intracranial pressure above the blood pressure 
level were studied in normal and acutcl}- decere- 


brated cats and in cats with acute and chronic 
section of the lower cervical and upper thoracic 
spinal cord. In the normal and decerebrate animal 
and animal with chronic section of the cord, ad- 
ministration of renin always produced a definite 
increase in blood pressure. However, when acute 
section of the cord resulted in a sustained depres- 
sion in blood pressure to shock levels renin alone 
was not effective, but adrenaline administered 
immediately after renin produced a greater and 
more prolonged rise in blood pressure than could be 
expected from adrenaline alone. Elevation of the 
intracranial pressure during the height of the renin 
rise caused a still further rise in blood pressure. In 
animals with acute section of the low cervical or 
high thoracic cords elevation of the intracranial 
pressure resulted in only a slight to moderate in- 
crease in blood pressure whereas in animals with 
chronic cord sections the increase was more pro- 
nounced. 

The effect of acetate and tension on the motor 
activity of the isolated small intestine. J. F. 
McClendon. Hahnemann Medical College, Phil- 
adelphia. Replacement of 25% of Ringer's fluid 
with 0.2 N sodium acetate (at pH 7.4, with 1 ion 
of Ca to 100 Na) stimulated the amplitude of the 
rhythmic contractions of both longitudinal and cir- 
cular muscle of the rabbit or rat gut. The circular 
muscle was recorded by inserting 2 “keyrings”into 
a short segment of gut. Since injecting acetate into 
the lumen might distend the gut and since moder- 
ate distention stimulates motor activity, the gut 
was turned inside out for the acetate to act on the 
mucosal side. 

Turning the gut inside out abolishes motor 
activity as measured longitudinally. This is ap- 
parently due to relief of circular tension on the 
peritoneal and longitudinal muscle portion of the 
wall. If a segment of gut is cut longitudinally it 
partially turns itself inside out and there is a corre- 
sponding depression of motor activity. If a normal 
segment and an inside-out segment are cut longi- 
tudinally the motor activity returns to the level 
before cutting. This shows that the effect of turn- 
ing inside out or cutting is not due to loss of intesti- 
nal contents. Furthermore, cleaning out the 
intestinal contents with a pipe cleaner has no 
effect on the motor activity. Attaching a piece of 
gut to a tube and introducing acetate through the 
tube stimulated motor activity before it had time 
to flow out the other end and thus reach the peri- 
toneal surface. 

Prevention of dental caries with fluorapatite 11. 
J. F. McClendon and W.m. C. Foster (by invita- 
tion). Hahnemann Medical College, Philadelphia. 
For 3 years, daily, we have been brushing the molar 
teeth of a succession of litters of rats with fluorapa- 
tite (litter-mate controls on the same diet being 
unbrushed. Fed. Proc. 2:34, 1943). Rats with teeth 
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Lrushed daily with fluorapatite for 60-100 days 
■from weaning averaged 0.16 carious teeth per rat, 
whereas litter-mate controls averaged 3 carious 
teeth per rat. Rats with teeth brushed 100-150 
days averaged 0.6 carious teeth per rat whereas 
litter mate controls averaged 4 carious teeth per 
rat. 

The teeth of 120 medical students were examined 
lor dental caries at the beginning and end of a one 
year period by Aris Carpousis, D.D.S. Of these, 40 
were given fluorapatite to brush their teeth and 
.■80 were used as controls. The 40 developed an 
average of 0.5 new caries per man and the 80 con- 
trols developed an average of 1.5 new caries per 
man. Since the fluorapatite was nearly 4% fluorine 
and tooth powder might be swallowed, one of us 
swallowed 1 gram daily for 3 years. No effect on 
the bones has been detected but we issued a warn- 
ing that such quantities may mottle the teeth of 
“children under 8 years. We have shown that 
fluorine is absorbed from fluorapatite by plant roots 
and similarly we presume that some exchange may 
itake place with the tooth surface. If the fluorapa- 
tite is swallowed, some fluoride may be secreted in 
the saliva. 

Antidiuret ic substance in the supraoptic nucleus 
•of the dog. Eleanor V. Melville (by invitation) 
and Kendrick Hare. Dept, of Physiology, State 
Univ. of Iowa, Iowa City. Antidiuretic assays of 
acetic acid extracts of the neurohypophysis, 
liypolhalamus and cerebral cortex show a graded 
potency of the following order ; nourohypophysis, 
750 mil/mgm.; hypothalamus, I.S mu/mgra.; and 
cortex, 0 mu/25 mgm. of fresh tissue. Practically 
all the antidiuretic material in the hypothalamus 
was localized in the region of the supraoptic nu- 
cleus. This tissue contained about 15 mu/mgm. 
Degeneration of the supraoptic nucleus following 
stalk section or hypophyscctomy is attended by a 
diminution in antidiuretic potency. In these cases 
the antidiuretic activity varied from 1 to 20% of 
normal. 

Results of applying tetanus toxin to monkey’s 
cerebral cortex. Fred A. MirrrLER and Tr.\cv J. 
PLT.VAM (by invitation). (.Aided by grant from 
Wm. .1. Matheson Commission.) Dept, of Neurol- 
ogy, College, of Physicians and Surgeons, Columbia 
Unit’., New York. In order to determine whether 
tetanus toxin might be profitably employed as a 
subacute, stimulating agent, for purposes of neuro- 
physiologic research, unpreserved toxin (courtesy 
of lA!dcrle I/\boratoric« ) was applied to area 4 of 
one side of the monkey's cortex cerebri. Applica- 
tion wjus done under usual surgical technique and 
by applying (for 5 minutes) a 2 mm. square of 
Wliatman .VI filter paper, soaked in toxin, to the 
leg area. 

With lethal doses, generalized .signs came on 
within three daj-s and without evidence of any 


difference between the sides of the body. With 
sublethal doses, capable of producing symptoms, 
unremitting trismus and spasmodic, bilateral ele- 
vation of the bulbi always occurred. No paralyses 
nor restrictions of movement of the trunk nor 
extremities were present but contralateral, clonic 
spasms of the leg occurred at very wide intervals 
and in an unpredictable manner. They could not 
be deliberately induced. The patellar reflex of the 
affected extremity showed a higher threshold, 
narrower reflexogenous zone, looser quality and 
lower amplitude than its fellow. Both plantar 
responses were of a fle.xor nature. 

Although the evidence at hand suggests a local- 
ized action, beginning at the site of application, 
the cortical application of toxin evidntly results 
in sj’mptoms of a less restricted nature than those 
which follow intraspinal application or intramus- 
cular injection of an extremity. 

Effect of an extract of hog’s stomach and duo- 
denum on utilization of tocopherol in progressive 
muscular dystrophy. A. T. Miliior.at. Depts. of 
Medicine and Psychiatry, Cornell Univ. Medical 
College, The Russell Sage Insl. of Pathology and 
The New York Hospital, New York. Recent 
studies’ have shown that oral administration. of 
tocoplicraol that previously had been incubated 
in the stomach of a normal man can reduce the 
creatinuria of patients with progressive muscular 
dystrophy, whereas the untreated vitamin is with- 
out effect. In the present investigations an extract 
of hog stomach and duodenum was given to 6 pa- 
tients one-half hour after meals for periods of from 
3 to 7 days. No tocopherol in addition to that con- 
tained in the normal diet was given. Aside from a 
temporary rise in creatine output (due to crc.atinc 
in the extract) no effect on creatinuria was ob- 
served in 5 of the p.aticnts. In the Gth subject, 
questionable effects on creatinuria were observed 
during the 7 days when the extract was given. 
However, when the administration of the extract 
was discontinued, the creatine output was imme- 
diately reduced. By the third tlay the creatinuria 
liad decreased to one-half of the previous control 
level. The output of creatine remained at this low 
level for 3 days, and then gradually incrca.-=cd, 
reaching the previous control Icvelin.about 12d.ays. 

Determination of plasma volume changes after 
hemorrhage by the dye method. A. T. Miller, Jn. 
Dept, of Physiology, Univ. of North Carolina 
.Medical School, Chapel Hill. 'The apparent sim- 
plicity of the dye method for determining pla.«ma 
volume ha,s led to its non-critical use in studies on 
shock and hcmorrliagc. The following procedure 
eliminates certain source.s of error. (1 ) A reference 
dye-disappearance curve (using the blue dye 
T-IS2}) is constructed for each animal from the 
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average of 2 or more curves determined 1 week 
apart. This curve, plotted on semi-log paper, 
closely approximates a straight line for periods up 
to 6 hours. The slope of this reference curve is 
constant for a given animal over periods of many 
months. (2) On the morning of an experiment, the 
position of the curve is checked by injecting dye 
and determining dye concentration at intervals of 
20, 40 and 60 minutes. (3) The animal is hemor- 
rhaged rapidly from a femoral artery. (4) Blood 
samples are taken at desired intervals, depending 
on the phase of fluid restoration being studied. (5) 
Plasma volumes at these samplinf times (PVh) 
are calculated from the formula PVh = Ds/Dh 
PVr, where Dh = dye concentration on the refer- 
ence disappearance curve at the corresponding 
time and PVr = reduced plasma volume (initial 
plasma volume minus volume of plasma withdrawn 
by hemorrhage). (6) At the conclusion of the ex- 
periment the animal is transfused with citrated 
blood and may be used for another experiment 
after 2 days. 

This procedure provides a standardized animal 
for assay of the influence of accessory factors (heat, 
cold, anesthesia, etc.) on the rate of plasma volume 
restoration after acute hemorrhage. 

Environmental heat gain of man in hot humid 
climate. G. W. Molnar, E. J. Towbin and A. H. 
Brown (introduced by E. F. Adolph). Dept, of 
Physiology, School of Medicine and Dentistry, 
Univ. of Rochester, Rochester, N. Y. The influx of 
heat from the environment (including sun) was 
determined in Florida during August. The range 
of climate was: dry bulb, 75-91°F.; relative hu- 
midity, 60-83%; wind, 35-775 ft. /minute; sun, 
528-888 Cal./m.* normal incidence hr. and shade. 
The heat gain was taken to be the difference be- 
tween evaporative heat loss and heat production 
± storage. The prevailing temperature range for 
any one series of observations was too small to 
disclose a correlation between air temperature and 
heat gain. A total of 48 determinations (storage 
assumed to be zero in 9) on four sitting men, 
clothed or in shorts and shoes, in or out of the sun 
(shade, shelter, night), show that environmental 
heat gain varies linearly with rate of sweat loss. 
Heat gain was negative below a sweat loss of 125- 
150 gm./hr. ; positive above this value. Empiri- 
cally, 100 grams/hr. of sweat loss was equivalent 
to 57.8 Cal ./hr. of heat gain. 

Positive heat gain occurred only in the sun (dry 
bulb S7°F. or lower), and at a rate linear to the 
solar intensity. The gain became positive for the 
nude man at one-half maximal solar intensity; for 
the clothed man at two-thirds maximal intensity. 
The heat gain increased by about 30 Cal./hr. per 
man for each rise in solar intensity of GO Cal./m.* 
norm.al incidence/hr. At maximal solar intensity, 
the nude man gained about 200 Cal./hr., a gain 


equal to that in the desert at the same tempera- 
ture. Clothing diminished the solar heat gain by 
40-80 Cal./hr./man at any given solar intensity. 

Work done under contract with the Office of Scien- 
tific Research and Development. Field studies were 
made possible by various units of the U. S. Army. 

The physiological factors which govern inert 
gas exchange.' Lt. (jg) M. F. Morales and Lt. 
R. E. Smith, USNR (introduced by H. R. Catch- 
pole). Naval Medical Research Inst., Bethesda, Md. 
A quantitative theory of inert gas exchange by a 
tissue region or by the whole body has been de- 
veloped and found to agree with experiment. The 
rate of exchange is governed by decay constants 
which are known functions of rate of blood flow, 
volume of blood and extracellular fluid, blood-cell 
partition coeflicient, cell permeability, total cell 
volume, and the ratio of capillary surface to gross 
volume of tissue. This dependence permits quanti- 
tative prediction of variations in the rate of ex- 
change attending any given changes in the physio- 
logical state. Also discussed are the implications 
which the results have for selection and thera- 
peutic problems associated with decompression 
sickness. 

An evaluation of the effect of stasis in the pro- 
duction of experimental thrombosis. Campbell 
Moses (introduced by C. C. Guthrie). Dept, of 
Physiology and Pharynacology of the School of Medi- 
cine of the Univ. of Pittsbtirgh. In an attempt to 
develop a method for consistently producing ex- 
perimental thrombosis the effect of sclerosing 
agents and the insertion of various intravascular 
foreign bodies in the presence and absence of stasis 
is described. A method is given for consistently 
producing occluding red thrombi by the insertion 
of. wool yarn impregnated with defibrinated blood 
into a vein and slowing blood flow in the vessel bj’’ 
a metal clip. The importance of the stasis and con- 
gestion thereby produced in the consistent produc- 
tion of experimental thrombosis by this method is 
emphasized. 

The effect of heparin and dicoumarol on throm- 
bosis induced in the presence of venous stasis. 
Campbell Moses (introduced by C. C. Guthrie). 
Dept, of Physiology and Pharmacology of the School 
of Medicine of the Univ. of Pittsburgh. Using rab- 
bits as the experimental animal and a method 
capable of inducing thrombosis in all control 
animals, the effect of heparin and dicoumarol in 
delaying or preventing thrombosis was studied. 
The administration of these drugs in doses ade- 
quate to delay coagulation did not prevent the 
development of experimental intravascular throm- 
bosis in the presence of stasis in the venous circula- 
tion. In the absence of stasis heparin and 

> The opinions expressedin this article nrothoseot the writers, 
and nre not to be construed as rcflectine the ofilcinl view-s of the 
Navy Department or of the naval scrncc at large. 
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dicoumarol [3 , 3'-methylenebis (4-hydroxycou- 

marin)] might retard but did not prevent the 
development of experimental intravascular 
thrombi. The results emphasized the important 
role of stasis in the pathogenesis of thrombosis. 

Effect of various marine oil preparations on 
experimental renal hypertension. W. G. Moss 
(by invitation) and G. E. Wakekun. Depl. oj 
Physiology, Univ. of Illinois College of Medicine, 
Chicago. We have previously reported the effect 
of various vitamin preparations on experimental 
hypertension in the dog (Fed. Proc. 3 : 34, 1944). 
These observations indicated that some vitamin 
A concentrates had an antihypertensivc effect 
when administered orally which was not due to the 
vitamin. Having extended this study we now re- 
port our results using a number of fish liver and 
body oils (containing 200, (XX) units of vitamin A 
per cc.) and residues from the distillation of such 
oils (containing little or no vitamin A). 

Nine preparations of marine fish liver oils con- 
taining vitamin A have been assayed orally in 
experimental hypertensive dogs in a dose of 2 cc. 
per day for 4 to 6 months. One of these oils showed 
excellent blood pressure reducing properties, two 
gave slight reductions, and the others wore in- 
effective. 

A residue oil obtained from the preparation of 
vitamin A concentrates (in a daily dose of 2 cc.) 
and a residue obtained following the distillation 
of fatty acids from mixed fish body oils (in a daily 
oral dose of 0 gms) wore assayed each on one hyper- 
tensive dog for 4 months without any antihyper- 
tensive effect. Another residue from marine fish 
liver and body oils assayed orally in a dose of 6 gms 
per day for 4 months produced a good reduction in 
blood pressure which, however, was not sustained 
even by doubling the dose. 

An orally effective antihypertensivc agent of 
unknown identity appears to be inconstantly 
present in marine fish liver and body oils and 
fractions thereof. [This work was aided by a grant 
from the iVinthrop Chemical Company.] 

The electrophoretic components of canine pan- 
creatic juice. MuntEi, Platt Munko (by invita- 
tion) and .1. E. Thomas. The Charlotte Drake Car- 
de:a Foundation, Dept, of Medicine, and the Dept, 
of Physiology, Jefferson Medical College, Phil- 
adelphia, Using a method described clscwlicrc in 
this issue (Hart and Thomas) pure, inactive pan- 
crc.atic juice tols collected through sterile tubes 
into an iced fl.ask, from three chronic duotlcnal 
fistula dogs. Secretion was evoked by means of 
neulrrd jx'ptone, soap or acid peptone injected into 
the ititestine. 

The samples of jiuce were studied in the Tisclius 
elcclrophotvsis npptrmtus after dialy.Ms apiinst 
sodium hicarlxmate-smlium chloride buffer at pH 
S.2. Exposure of the jvmcreatic juice to the volt.agc 


required for fractionation over a period of four 
hours caused no activation of the trypsin and no 
reduction in the tryptic activity after activation 
with enterokinase. The electrophoretic patterns 
show that pancreatic juice contains five different 
protein constituents whose mobilities and relative 
concentrations are independent of the stimulus, 
and of the total nitrogen content of the juice. The 
average mobilities of the five components as ob- 
tained in seven experiments involving two dogs 
and the three stimuli were 5.4, 4.1, 2.8, 1.7, and 
0.7 X 10~* cm./volt/cm./sec. The juice from the 
third dogs also had five constituents which differ- 
third dogs also had five constituents which differed 
from those of the other two dogs in that the fastest- 
moving constituent was absent and a new one 
having a mobility of 1.2 x 10~* was present. A com- 
parison of these mobilities with those of the 
protein factions of dog plasma indicate that the 
second and third fractions have the same mobilities 
as a--, and ^-globulins respectively. Whether these 
pancreatic fract ions arc identical to plasma globu- 
lins has not been established, but the similarity in 
mobility suggests such a possibility. 

Hypothalamic facilitation of the motor cortex. 
J. P. Murphy (by invitation) and E. Geixhorn'. 
Laby. of Nenrophysiology, Dept, of Physiology 
Univ. of Minnesota. The effect of simultaneous 
stimulation of the hypothalamtis upon stimulation 
of the motor cortex was studied in the cat. Over 350 
experiments were performed on 20 animals. 

Hypothalamic stimulation (bii>olar) was effected 
by a Harvard inductorium, 3V primary, secondary 
coil at a distance productive of sympathetic phe- 
nomena (contraction of the nictating membrane 
and maximal pupillary dilatation) from the pos- 
terior nuclei without motor movements. Corticjil 
stimulation (bipolar) was induced by condenser 
discharges noth intensity of voltage at threshold 
or slightly above. The results of the latter were 
then compared with those produced by stimula- 
tion of both hypotlialamus and cortex together. 

It was found that stimulation of the jwstcrior 
hypothalamic and adjacent nuclei facilitates the 
motor cortex. This is expressed ivs shortening of 
latency of motor response, intensification of move- 
ments, spread of movements, or combinations of 
all three. The facilitator}- effect is as pronounced 
on the contralateral as on the iiisilatcral cortex. It 
I>erHistsaftcr bilateral cervical syniinthcctomy and 
after tran.s.scction of the medulla. No facilitation 
of the cortex results from stimulation of anterior 
liypotli.alamic nuclei which do not cause s}mit)a- 
thctic discluirgcs. 

It apjwars most probable that acti\-ation of the 
jxistcrior, syminthetic hyixithalamus results in 
discharge of the thalamo-cortiral system descrilH'd 
by yilorison, Dempsey, and coll.alxinvtors. It is sug- 
gested that initi.ation or arcentuation of motor 
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phenomena during emotional states may have a 
basis in hypothalamic-cortical facilitation. 

On the chemical mechanism of nervous action. 
David Nachmansohn. Dept, of Neurology, Col- 
lege of Physicians and Surgeons, Columbia Univ., 
N. Y. Recent investigations have provided evi- 
dence for the assumption that the release and the 
removal of acetylcholine are intracellular processes 
directly connected with the nerve action potential 
at points along the neuronal surface. The ester 
released by a stimulus depolarizes the membrane 
by rendering it permeable to all ions. Thus, flow 
of current is generated (action potential) which 
stimulates the adjacent region. There the process 
is repeated, and the impulse in this way propagated 
along the axon. At the nerve ending, owing to the 
increased surface, there is less resistance and more 
flow of current enabling the impulse to cross the 
non-conducting gap. 

The concept is mainly based on studies of choli- 
nesterase. Three essential features are; (1) the 
high concentration of the enzyme in nerves making 
possible a rate of acetylcholine metabolism parallel 
to that of the electric changes ; (2) the localization 
of the enzyme at the neuronal surface, and (3) the 
parallelism between enzyme activity and voltage 
of the action potential. 

The energy released by phosphocreatine break- 
down is adequate to account for the electric energy 
released by the nerve action potential. Hence if 
the release of acetylcholine is the primary event 
responsible for the alterations of the nerve mem- 
brane during the passage of the impulse, phosphate 
bonds should be used for acetylcholine synthesis. 

In accordance with this hypothesis a new en- 
zj’me, choline acetylase, has been extracted from 
brain which in presence of adenosinetriphosphate 
under anaerobic conditions and in cell -free solution 
synthesizes acets'leholine. 

The influence of glucose on gastric emptying. 
David W. Northup and Edward J. Van Liere. 
Dept, of Physiology, School of Medicine, West 
Virginia Univ., Morgantown. The effect of glucose 
on gastric emptying in man was studied. The glu- 
cose was added in different amounts to a standard 
test meal. Eighteen young adults served as sub- 
jects. The test meal was prepared by boiling 15 gm. 
of farina in water to a volume of 200 cc. ; 100 gm. of 
BaSO< was added to visualize the meal fluoro- 
scopically. When glucose was added it was dissolved 
in the meal at the time of its preparation. 

The average emptying time for the group with 
the standard meal alone was 2.23 hours; nuth 25 
gm. of added glucose, 2.7C hours; with 50 gm., 3.09 
hours; with 75 gm., 3.36 hours. The result arc 
stati.slically significant. 

The delay in gastric emptying is roughly propor- 
tional to the concentration of glucose in the meal. • 

Respiration in elasmobranch fishes. Eric Og- 


den. Dept, of Physiology, School of Medicine, Univ. 
of Texas, Galveston. Two-foot specimens of Mtis- 
telus californicxLS were placed in a small tank with 
their heads through a rubber diaphram which 
effectively separated the water entering their 
mouths and piracies from that leaving their gills. 
The frequency of respiratory movements increased 
with temperature and diminished with chloretone 
anesthesia or with excitment or activity. In ap- 
parently normal conditions the fish pumped from 
one to one and one-half liters per kilogram per min- 
ute and the amount was increased by increasing 
the pressure on the inspiratory side relative to the 
expiratory side and vice versa. Changes on the Oj, 
CO 2 , and non-volatile acid content were without 
effect on the respiratory flow or frequency up to 
the limit of the fishes’ tolerance. When artificially 
lowered flow or chemical changes in the inspired 
water brought the pH of the expired water below 
7.0 the fish would react with generalized struggling. 
When the inspired water approached pH 7.0 the 
expired water had a higher pH than that taken in. 
The struggling response to respiratory insuffi- 
ciency by violent rhythmic contraction of thfe seg- 
mented muscles which are locomotor in function 
may bear an interesting relationship to the reaction 
of the diaphragm, thoracic, and abdominal muscles 
in mammals whose locomotor functions tend to be 
vestigial and whose respiratory functions are well 
developed. [Experiments done at theScripps Insti- 
tution of Oceanography, LaJolla, California, by 
courtesy of Dr. Harold U. Sverdrup, director, and 
Dr. F . B. Sumner.] 

The apparent nervous factor in experimental 
shock. 1 R. R. Overman (by invitation) and S. C. 
Wang. Dept, of Physiology, College of Physicians 
and S^trgeons, Columbia Univ. Thirty experiments 
with sublethal hemorrhage coupled with electrical 
stimulation of the central cut-end of both sciatic 
nerves have been completed. It was found that such 
dogs rarcl 3 ' survived with a residual circulating 
blood volume of less than 67 cc. per kilogram body 
weight, compared with 58 cc. per kilogram in ani- 
mals suffering from simple hemorrhage. The resid- 
ual blood volume at L. H. 50 in this series (lethal 
liemorrhage at 50 per cent mortality) is calculated 
to be 66 cc. per kilogram. This value is significantly 
different from that in simple hemorrhage (57 cc. 
per kilogram) . In other words, the mortality rate in 
hemorrhage is definitely increased by additional 
afferent stimulation. Animals in the stimulation 
series not onlj' presented clinical manifestations 
similar to those receiving muscle trauma but also 
succumbed suddenly when the level of the mean 
blood pressure was relatively higli (60 mm. Hg or 
higher). 

* This work was done under a contract, recommended by tho 
Committee on Medical Research, between tho OfBcc of Scientific 
Research and Development and Columbia University. 
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Our studies of the afferent nervous factor in 
experimental traumatic shock are yet to be com- 
pleted with a series of trauma experiments, in 
which the hindlegs have been previously deaf- 
ferented in order to see if such animals may survive 
with a smaller residual blood volume than normal 
animals subjected to muscle trauma. In 10 such 
experiments thus far completed the clinical mani- 
festations were very similar to those observed after 
simple hemorrhage. 

The fluorescein circulation time in experimental 
traumatic shock.* E. E. Pai.nter, S. C. Wang and 
R. R. Overman (by invitation). Dcpl. of Physi- 
ology, College of Physicians and Surgeons, Colum- 
bia Univ. Repeated determinations of circulation 
time by Fishback’s fluorescein method were made 
on 32 dogs. Normal circulation time ranges from 9 
to 16 seconds. In traumatic shock the circulation 
time is invariably prolonged. For the prognosis of 
the traumatized animal two determinations, sep- 
arated by one hour’s interval, are essential. If 
the second circulation time is longer than the first 
and more than 30 seconds, the dog will not survive. 
On the other hand, if the circulation time is less 
than 25 seconds or considerably shorter than the 
first, prognosis is good. The change in circulation 
time is an early index of eventual recovery or 
death; this is significant at a time when the blood 
pressure and heart rate remain unchanged for sev- 
eral hours. 

After trauma, five dogs in which both upper 
thoracic chains liad previously been removed, 
showed a plateau of circulation time of 20 to 30 
seconds for several hours followed by an abrupt 
rise shortly before death. In 3 normal dogs circula- 
tion times by both the cyanide and fluorescein 
methods were simultaneously determined. The 
cyanide circulation time, although increased, re- 
niaincd at a fairly constant level (as does the 
fluorescein circulation time in ganglioncctomized 
animals) while the fluorescein circulation time 
showed progressiv'o changes over the same period. 
This indic.atcs that in normal animals which suc- 
cumbed from trauma there is a progre.^sive increase 
of va.so-constriction in the peripheral capillaries 
which was included in the measurement of circu- 
lation time by the fluorescein but not by the cy- 
anide method. 

Influence of thiouracil on the oxydase content 
of the thyroid gland. K. E. Pa.«ciiki.s, A. Can- 
TAiiow, E. IlAKOfT (by invit.'ition) and E. K. 
Tit.i.sox (by invitation). Jefferson Medical College 
and Hospital, Philadelphia. Oxydase content of 
thyroid glands of rats was determined by a modifi- 
eathm of the eolorimetrie method of Galli-Mainini. 


* T}ii« wxtrk dour tinilrr ft c^intract, mvinimrndcxj Vy thr 
CGnmutirr on MotUral Ur^rarrh, «Tm llir OfTrrr of Frientit’p 
Hr-rnrcti flint nev cloc'nrnl unit Cotiimlsa I'nnxi-ity. 


The oxydase activity of thyroid glands was de- 
creased by adding thiouracil in vitro. Thyroid' 
glands from rats treated with thiouracil for periods 
of 5 days to 4 weeks showed a lower oxydase ac- 
tivity' per unit weight of the gland than did thy- 
roids of untreated controls. This is all the more 
significant since the cell volume of the thyroid 
gland of treated animals is much greater than that 
of normal glands. 

Since it is believed that cytochrome oxydase is 
essential for synthesis of thyroxin our experiments 
indicate tliat inhibition of oxydase may be a factor 
in the suppression of thyroid function through 
thiouracil. 

The role of the proprioceptors in shivering. 
John F. Perkins, Jr. (introduced by Hallowcll 
Davis). Dept, of Physiology, Harvard Medical 
School, Boston, Mass. Shivering in cats was re- 
corded by means of two phonograph pickups con- 
nected to a two-channel ink-writing oscillograph. 
Motion was imparted to each pickup by a mod- 
erately stiff wire, substituted for the phonograph 
needle, resting against a limb, or connected to a 
tendon detached from its insertion. Shivering was 
recorded simultaneously in normal and dcaf- 
ferented hind limbs and in p.airs of muscles of such 
limbs. The tremor was rhythmic on the normal 
side, but was always irregular on the deafferented 
side. A hemi-dcccrcbcllatcnnimal,and twoanim.als 
with severance of one dorsal column shivered nor- 
mally. 

The rate of shivering in a normal muscle could 
be varied by as much as 100 per cent by varying the 
mechanical period of the moving parts. The tendon 
pulled vertically against a rubber band. One end 
of a light lever, 15 cm. long, was also attached to 
the tendon. Equal weights were mounted at cqu.al 
distances from the fulcrum. The rate of tremor 
increased when the weights were set closer to- 
gether, or when tension of the rubber band was in- 
creased. In normal animals, the rates in correspond- 
ing muscles could be varied independently. Doaf- 
ferented muscles did not shiver rhythmically even 
with this arrangement. 

It is concluded that the rhythmicity of shivering 
is determined peripherally by a mechanism in- 
volving the proprioceptors and resembling that of 
reflex clonus. The rate i.s proliably claie to the 
resonant frequency of the moving part. .\ pace- 
maker action of the shivering center a|)p(.'ars 
unlikely. 

Effects of high accelerator}- forces. V. I’ekt- 
zorr (by invitation) and S. IV. HnnTo.v. Dept, of 
Physiology, Unir. of Virginia .Medical School, 
Charlotlesrille. Ili’si>on?cs of monkeys, dogs, rats, 
nits and other animals tohighaccclcration (ccnlrif- 
upition) Imve liecn stmlicd over the p-i^l four 
years. In most ca'cs forces nj, (o f, gniin have tx-on 
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considered; in some instances, however, tests at 50 
gram were also observed in a few experiments. 

Respiration, pulse, blood pressure and flow, 
E.C.G. and E.E.G. changes Irnve been specially 
studied. Other circulatory conditions, bloodglucose 
and electrolytes, and skin resistance were also 
noted under acceleratory stresses. 

The effects of protective devices, belts and band- 
ages, various gases, vasopressors, etc., have also 
been determined. 

The nature of the renal tubular mechanism for 
acidifying the urine. R. R. Pitts and R. S. Alex- 
ander (by invitation). Cornell Univ. Medical 
College, N.Y.C. Three concepts have arisen con- 
cerning the nature of the renal mechanism for 
acidifying the urine. 1, Dibasic phosphate is pre- 
ferentially reabsorbed from the glomerular filtrate. 
Monobasic phosphate is excreted and acidifies the 
urine. 2, Carbonic acid in the glomerular filtrate 
transforms dibasic phospliate to monobasic phos- 
phate within the tubular lumen. Base is reab- 
sorbed as bicarbonate. 3, Hydrogen ions are trans- 
ferred from tubule cells to tubular urine in ex- 
change for base. 

These three theories have been critically tested 
in dogs rendered acidotic by the daily feeding of 
•HCl and infused with large amounts of neutral 
sodium phosphate. The quantities of carbonic acid 
and monobasic phosphate filtered through the 
lomeruli are sufficient to account for only 20 to 30 
cent of the observed urinary acid. Since these 
the only acid substances present in the glomer- 
r filtrate in significant amounts, acidification of 
•the urine must per force be effected by a tubular 
•mechanism. The following tubular mechanism is 
suggested. Hydrogen ions formed within the renal 
tubule cells are exchanged for sodium ions present 
in the glomerular filtrate. The tubular source of 
hydrogen ions is carbonic acid, formed by the intra- 
cellular hydration of carbon dioxide. Renal car- 
bonic anhydraso increases the rate of hydration of 
carbon dioxide , thus the rate of formation of hydro- 
gen ions, and the rate of excretion of acid. When 
large amounts of sulfanilamide are infused to de- 
press the activity of the renal carbonic anhydrase, 
the rate of excretion of acid diminishes. 

The effect of reticulo-endothelial immune 
serum (Reis) on heart fragments in tissue culture. 
CiiAni-EsM. PoMERATand Ludwik Aniqstein (by 
invitation). Depls.of Anatomy and Preventive Medi- 
cine, Univ. of Texas, Medical Branch, Galveston. 
Chick spleen and bone marrow were injected re- 
peatedly into rabbits from which reticulo-endo- 
thclial immune serum (REIS) was produced. Serial 
dilutions of this serum were made up with extract 
from chicks incubated for 6 to 9 days. Heart frag- 
ments from chicks used in the preparation of the 
extract were cultivated in clots formed of equal 
parts of the fluid containing the embryonic extract 


and freshly heparinized rooster plasma. Normal 
rabbit serum was used in the medium for control 
cultures. All experiments were conducted in hang- 
ing drop preparations and incubated at 37.5°C. 

Total inhibition of cellular outgrowth was ob- 
served in the presence of REIS at 1/4, while at 
1/400 some evidence of stimulation was noted, in 
comparison with controls. The complement-fixa- 
tion titre of the REIS used was 1:1200. Planimeter 
measurements of culture outlines made with a 
projectoscope offer a simple method of evaluating 
possible stimulating action of REIS. Results ob- 
tained with heart fragments confirm previous re- 
ports on the inhibitory action of REIS at high 
concentration. In addition, they show an over- 
lapping antigenic specificity with respect to the 
organ used. This may indicate that a dedifferenti- 
ated embryonic heart cell, mesenchymalous in 
character, is highly sensitive to REIS. 

Reflex facilitation following muscle ischemia. 
E. L. Porter and E. L. Callahan (by invitation). 
Dept, of Physiology, Med. School, Univ. of Texas, 
Galveston. In a previous abstract (Tex. Acad. Sci. 
25: 59, 1941) we reported that in a spinal cat 
ischemia of the leg brought about facilitation of 
flexion reflex response to minimal shocks to a 
sensory nerve. This ischemia involved the muscle 
used for recording as well as the other muscles of 
the leg. Would this facilitation occur if the record- 
ing muscle were allowed to retain its circulation 
while other muscles were rendered ischemic? We 
have found facilitation does so occur,. If the pos- 
terior tibial nerve is stimulated to cause minimal 
reflex response in the tibialis anticus muscle and 
then both posterior and and anterior tibial arteries 
are ligated below the e.xit of the blood vessels to 
the tibialis anticus muscle the facilitation of the 
reflex response still occurs. The supposition is that 
ischemia of the muscles causes what would be pain 
in the conscious animal. In the spinal cat these 
"pain” impulses summate with the “painful” 
stimulation of the posterior tibial nerve to cause 
a higher reflex response. Possibly such reflex sum- 
mation or facilitation may be involved in the pain 
(causalgia) following nerve injury. 

Neuro-muscular transmission following is- 
chemia. E. L. Porter and A. N. Taylor (by in- 
vitation). Dept, of Physiology Medical School, 
Univ. of Texas, Galveston . Porter and ■ Callahan 
have reported (Proc. Ainer. Physiol. Soc., 2: 38, 
1943) that ischemia of a muscle (cat) causes tem- 
porary improvement of contraction when the 
muscle is stimulated through its nerve by minimal 
shocks and that this result is not obtained in a 
curarized muscle. The method involved changing 
the t 3 ’pe of stimulation from a special liquid elec- 
trode on the nerve for uncurarized muscle to needle 
electrodes within the muscle after it was curarized. 
This shifting of electrodes rendered it somewhat 
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uncertain as to whether the results obtained were 
strictly comparable. 

We liave confirmed the original findings by using 
needle electrodes inserted into the muscle through- 
out the expriment. The improvement of con- 
traction still occurs following ligation of the fe- 
moral artery but does not occur after the muscle is 
curarized. Since with the other method it had been 
observed that circulation through the nerve at the 
point of stimulation still continued after low liga- 
tion of the femoral artery the conclusion seems 
justified that the improvement in contraction fol- 
lowing ischemia is not due to an effect on the nerve 
trunk at the point of stimulation. And since the 
effect is not found in a curarized muscle the con- 
clusion seems warranted that ischemia improves 
neuro-muscular transmission. Synaptic transmis- 
sion in the cord appears to be temporarily improved 
by asphyxia. (Porter, Blair & Bohmfalk, Jour. 
Neuro-Physiol. 1; ICG, 1938). 

Alteration in water content of the brain after 
concussion. W. A. Rambach, Jr. and M. Robert 
WE Ramirez we Arei.eako (introduced by W. F. 
Windle). Inst, of Neurology, Norlhicesicrn Univ. 
ifcdical School, Chicago. Water content of the 
guinea pig’s brain was determined by triple extrac- 
tion with acetone, drying the acetone extract and 
residue separately in a vacuum over at GO’C. and 
comparing with the original wet weight of the 
tissue. Complete desiccation was effected in 26 to 
29 hours. Groups of aniamls were selected according 
to sex and weight and each experimental group was 
paired with a similar control group. Alteration in 
water content of the brain was studied at 4, 8, 16 
and 24 and 48 hours after concussion. 

At S and IG hours after concussion the water 
content was maximum, the rise amounting to 0.5 
per cent of wet brain weight. By 24 hours it was 
beginning to decline and at 48 hours the values 
were normal. Tiie actual mean increase amounted 
to 19 mg., which is about half a drop of w.atcr per 
brain. Results were statisticall 3 ' significant. 

Water increase was determined after producing 
bilateral 1-cm. openings in the parietal skull of 9 
guinea pigs. The brain was not deliberately trauma- 
tized and in most cases the dura was left intact. 
Twenty-four hours after this operation, a mean 
water increase of 0.77 i>cr cent nns demonstrated. 
Other animals in which the brain had been simi- 
larily cxjioscd were killed G daj's later for histologic 
study. No alterations in interneurons of the brain 
stem comparable to those observed after concussion 
were found. (Il’or/; done under contract, sponsored 
hy CMH, between OSItl) nnd Northwestern Lbitr.] 

Alteration in the response to electrical stimula- 
tion of the respiratory center by picrotoxin. M. 
RonnuT wi; Ramhiez nr. .Areleaxo, W. .A. Raji- 
nACH, Jr., 11. M. Sciiami’ and J. Rankin (intro- 
duced by W. F. Windle). Inst, of Neurology, North- 


western Univ. Medical School, Chicago. Experi- 
ments were performed to determine effects of 
picrotoxin (0.4 mg. per kg., intravenouslj’) on 
excitability of the respiratory center to electrical 
stimulation by means of electrodes implanted with 
the Horsley-CIarkc instrument. Three tj’pes of 
physiological preparation were used. 

(a) In intact cats anesthetized with pheno- 
barbital (150 mg. per kg., intraperitoneallj') stimu- 
lation of the respiratory center after administering 
picrotoxin led to a marked sustained rise in the 
volume of inspired air and an increase in respira- 
tory rate. The response lasted three to six or more 
hours. Control experiments showed no comparable 
response. 

(b) In cats decerebrated by the anemia techni- 
que the same dosage of picrotoxin led to a marked 
decrease in the response of the respiratory’ center 
to direct electrical stimulation. This was accom- 
panied by increase in respimtory rale and decrease 
in tidal air. Minute volume was increased. 

(c) By cross circulation, the cat’s brain rostral 
to the middle pons was kept alive while picrotoxin 
was administered to the blood stream supplying 
parts below the middle pons. Results were com- 
parable to those in intact barbitalized animals. 
When the drug was allowed to act upon the rostral 
parts of the brain through the donor cat’s blood 
stream no significant changes occurred. 

The estimation of cutaneous blood flow from 
the photoclcctrically recorded cutaneous volume 
pulses. W. C. Randai.e, K. E. Jochim and A. B. 
Hertzman. Dept, of Physiology, St. Louis Univ. 
School of Medicine. Previous studies indicated that 
the photoclcctrically recorded cutaneous volume 
pulses could bo expressed as blood flow. Theoretical 
considerations nnd calibration data indicate that 
the cutaneous arterial inflow may be represented 
by a simple geometrical construction in which a 
triangular flow curve (the flow pulse) is superim- 
posed on a rectangular base. The sum of these two 
areas expresses the flow during a pulse cycle; they 
varj- together. Hence, since the area of the triangu- 
lar flow pulse is iirojxirtional to its height , and since 
the sum of the pulse areas over a period of one 
minute is independent of the jmlsc rate (this 
follows from the fact that the pulse cycle times the 
pulse rate is constant), and iftlic cutaneous volume 
pulse mimics the flow pulse, then the cutaneous 
blood flow c.an be estimated from the ocpiation 
flow equals K-P, where P (amplitude of volum, 
pulse) is cxprcs.'cd in "filter units” and K is the 
flow equivalent (cc/cmVmin) of the latter. Both 
theoretical considerations and jircliminary tests 
indicate tluat variations in the pul.se contour do not 
greatly affect the aecurarj- of the equ.ation. Tlie 
actual amplitude of the volume pulse in re/emti.s 
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is the pulse rate and Ki a constant dependent on the 
pulse form but usually equal to 4. The data so 
obtained agree in the linger phalanx with those 
simultaneously obtained by mechanical plethysmo- 
graphs. 

Changes in the physical structure of the long 
bones of mice after estrogen administration. C. I. 
Reed and B. P. Reed (by invitation). Dept, of 
Physiology, Univ. of Illinois, Chicago Colleges. 
Earlier studies by x-ray diffraction have shown that 
the orientation of unit crystals of apatite in the 
long bones of rats may be disturbed ina non-specific 
manner in rickets, after administration of para- 
thyroid extract and other dietary errors and that 
even in adult animals reorientation may occur. 
The femora of mice treated with various estrogenic 
substances show progressive deposition of apatite 
in the cancellae until the medullary canals are 
completely blocked. These deposits are wholly 
unorientated. The original cortices remain undis- 
turbed until after the canals are completely 
blocked, after which disorientation slowly pro- 
gresses from within outward. Orientation of medul- 
lary deposits has never been observed. 

The effect of electric current on gastric secre- 
tion and potential. W. S. Rbkm (introduced by 
Hampden Lawson). Dept, of Physiology, Univ. of 
Louisville School of Medicine, Louisville, Ky. A 
portion of the pernostonized dog’s stomach (21 sq. 
cm.) was placed ina Incite chamber that contained 
two pairs of electrodes (similar to chamber de- 
scribed by author, Am. J. Physiol., 141 : 537, 1944). 
One pair of electrodes was used for the application 
■ f current across the stomach wall and the other 

’r for the measurement of the potential difference 
The rate of secretion of HCl (from titration and 
pH data) was measured at 10 minute intervals. 
Current was applied for 10 minute periods from 
serosa to mucosa and in the opposite direction in 
both the secreting and non-secreting stomach 
When current (7 to 80 milliamperes) was sent from 
the serosa to the mucosa in the secreting stomach 
(histamine stimulated) there was an increase in 
the rate of secretion of HCl followed by a relatively 
rapid return to the original rate. When comparable 
amounts of current were applied in the opposite 
direction there rvas a decrease in the secretion of 
HCl followed by a much slower return to the 
original rate. Following this latter procedure the 
potential differences across the stomach was de- 
pressed and there was a close parallelism between 
the recovery of the potential and secretory rate. 
Application of current (10 to 150 milliamperes) in 
either direction to the non-secreting stomach did 
not result in the secretion of HCl. 

Determination of a cardiac ejection curve 
from the distensibility of the aorta, the pressure 
pulse contour, and pulse wave velocity. Jons W. 
Remington and W. F. 1Ia.mu.ton. Depl. of Physi- 


ology, Univ. of Ga. School of Medicine, Augusta. 
Aortae of both dog and man were removed, cut 
serially into rings and optical records made of the 
relation between tension and length when tension 
Avas increased rapidly. Frona these relations the 
volume pressure curve of each ring and the pulse 
wave velocity in the various parts of the aorta were 
calculated. These velocities in dogs agreed with 
measured velocities. The pressure pulse was then 
divided into 10 m sec. intervals and, allowing for 
the transmission times to each aortic segment, the 
uptake of each segment per unit time U’as calcu- 
lated and summated to give the aortic uptake curve. 

Ventricular ejection supplies blood not only to 
satisfy the aortic uptake curve but also to com- 
pensate for drainage from each segment of the 
aorta. Since diastolic drainage is equal to aortic 
uptake and since it is proportional to pressure — 20 
mm. Hg., figures for drainage during each interval 
of systole could be approximated and added to the 
aortic uptake curve to make a cardiac ejection 
curve. 

The contour of the pressure pulse accompanying 
one of the classical Wiggers-Katz cardiometer 
curves was treated in the above fashion. The re- 
sulting curve agreed closely with the cardiometer 
curve. Ejection curves were derived from pressure 
pulses taken under various physiological conditions 
in both dogs and men. Such curves showed charac- 
teristics which differ widely and which will be dis- 
cussed individually. 

Pharmacologic actions of some benzofuranone 
derivatives. R. K. Richards, G. M. Everett (by 
invitation) and K. Kueter (by invitation). Dept. 
of Pharmacology, Abbott Laboratories, North 
Chicago, III. A series of benzofuranone derivatives 
were investigated for their pharmacologic actions, 
particularly their possible usefulness as antispas- 
modic drugs. One of the most promising of this 
series Avas 3-(Beta-diethylaminoethyl)-3-phenyl- 
2-benzofuranone HCl (AP 43). The LDso i.p. in 
mice was found to be approximately 200 mg./kg. 
On the isolated rabbit intestine this compound 
proved about to as. active as atropine in re- 
laxing acetjdcholine-induced spasm and about one 
and one-half to twice as active as papaverine against 
barium chloride spasm. Studies on various in situ 
preparations and fistula dogs substantiated the 
marked effectiveness of this compound against sev- 
eral types of spasm of the digestive tract. Antago- 
nism against histamine effects aars demonstrated by 
different methods. Marked bronchio-dilator effect 
against histamine-induced spasm in the perfused 
guinea pig lung AA'fis observed. The atropine-like 
actions of AP 43 upon salivary secretion, circula- 
tory responses, and the pupil were relatively slight. 

It possesses also a remarkable local anesthetic 
effect. 

Substitution of the 3-phcnyl ring by cyclohexyl 
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(AP 73) produces relatively little clmiiRc in toxicity 
and pharmacnloRic properties. The metlioliroinidc 
(.VP 12-1) derivative of .VP -IS possesses a consider- 
ably Idplier toxicity, its atixipine-like action is 
greatly enhanced while the papaverine-type ac- 
tivity is lowered. 

A direct method for the determination of carbon 
dioxide and oxygen tensions in blood.' R. L. Rti.KY 
(introduced by C. L. Gemmill), School o/ Avialion 
Medicine, Xaval .-Ifr Training Bases, Pensacola, 
Fla. The method depends utwn equilibration of a 
bubble of alveolar air with blood at 37’C. and 
analysis of the bubble for carbon dioxide and 
oxygen. The Roughton-Scholandcr syringe (J. Bio. 
Chein., 1‘IS: 541, 193) is used both ns equilibni- 
t ion chamberand bubble analyser, thus eliminating 
the necessity for transfer of the bubble. At sea 
level, the accuracy of this technic was tested by 
comparison of rcsvdts with those of a tonometer 
method. Results agreed within 3 mm. Hg in 30 
out of 3S c.ascs for carbon dioxide and in 28 out of 
38 cases for oxygen. In no instance did the dif- 
ference in findings exceed 7 mm. llg. .At simulated 
altitudes of 9,000 to 15,000 feel the accuracy of the 
technic was evaluated by comparing arterial 
tensions with alveolar tensions. Tlic agreement was 
good. Tlio agreement was equally good between 
determined oxygen and carbon dioxide tensions in 
arterial blood and average alveolar tensions found 
by Boothby at equivalent altitudes. 

For 18 determinations on arterial blood from 
resting man at sea level, carbon dio.xide tensions 
varied between 32 and 41 mm. Hg (average 38 mm. 
Hg), and oxygen tensions varied between 93 and 
110 mm. Hg (average 100 mm.'Hg). 

Studies on the nervous control of the guinea-pig 
heart. Jane Sands Robb. Dept, of Pharmacology, 
Syracuse Univ., Syracuse, 27. Y. Guinea pigs anes- 
thetized with pentobarbital, followed by nerve 
dissection and insertion of a tracheal cannula, some 
with and some n-ithout exposure of the heart have 
been studied. When simultaneous ECG’s arc re- 
corded before, during, and after vagal stimulation, 
not only is the major effect ventricular, but the 
“escaped” beats tend to be of a "right” or “left” 
type, according to the side stimulated. Following 
physostigmine the ventricular rate is further 
slowed, but this can be prevented by atropine. If 
acetj’lbetamethylcholine in physiological dilutions 
is applied to the surface of the ventricle, on very 
small pads, the S-T segment is displaced. This 
effect is proportional to the concentration and the 
area involved. The S-T displacement is accentuated 
by physostigmine and is prevented by atropine. 


* The opinions or assertions contained herein are the private 
ones of the writer and are not to be construed as official or reflect- 
ing the %*iew3 of the Navy Department or the naval service at 
large. 


Tlic.se changes occur witiiin one minute and begin 
to wear off after two minutes, suggesting local 
cholinesterase action. Acetylcholine presum.ably 
alters the elect rocardiognam by preventing the 
depolarization of cell mcmbinnes whereas KCl in 
sufficient concentration is said to produce a dc- 
)>olarizatian of rncmbnincs. 

If small pads moistened with 1-1000 solution of 
epinephrine arc planed on the ventricular surface 
showers of premature licats occur, the contour 
varying with the site of application. The auricular 
pacemaker remains unchanged although the ven- 
tricular nitc may be doublcil. Similar pads placed 
on the auricles result in a new pacemaker and an 
auricular tachycardia. During vagal stimulation 
the S-A node tcmpomrily regains control. 

The total base of blood scrum by the cation- 
adsorbing resin method. H. W'. Robinson (by in- 
vitation), E. M. GnEisnEiMEU and M. J, Oppe.n- 
iiEiMEn. Temple Univ. School of Medicine, Phila- 
delphia. In an acid-base balance study on 27 men 
and 7 women who were medical students or mem- 
bers of the Faculty, the total base was determined 
by the resin (Ambcrlitc-IRIOO) method developed 
by Polls and Rcinhold (J.B.C. 156: 231, 1944) and 
modified slightly by one of us (H.W.R.), The resin 
was supplied by the Resinous Products and Chem- 
ical Co. of Philadelphia. The values in the serum 
ranged from 148 to 165 milli-equivs., with an av- 
erage of 157. This method is rclativelj’ dependable 
and its simplicity has much in its favor. We believe 
that this variation of the values of total base must 
be accepted for young healthy subjects with a 
normal acid-base condition, as the variations in 
pH, carbon dio.xide content and chloride of the 
scrum obtained at the same time cover the accepted 
variations reported in the literature. 

The pH of the group ranged from 7.30 to 7.43 with 
an average of 7.37. These determinations were done 
by glass electrode (38°C.) in a cell which permitted 
only minimal exposure to air. The range of carbon 
dioxide content was 61 to 74 volumes per cent, with 
an average of 66. The chloride range was 88 to 105 
milli-equivs. with an average of 100. 

Blood was drawn under oil immediately before 
or after breakfast. 

Recurrence of decompression sickness on re- 
ascent to high altitude. S. Rodbard, 1st Lt., AC. 
Allilude Training Unit Kingrnan Army Air Field, 
Kingman, Ariz. The incidence of recurrence of 
decompression sickness in subjects who had re- 
ently experienced these symptoms was found to 
depend primarily upon the time spent at ground 
level between flights. After variable periods at 
ground level, the subjects re-ascended to 38,0OO 
feet simulated altitude for 5 minutes to determine 
the likelihood of immediate recurrence of sjmp- 
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toms in the same anatomical site involved on the 
first flight. 


Time between 
flights 

Number of 
subjects 

Number with 
recurrence 
of bends 

% with 
recurrence 
of bends 

fnt?:. 



1 

0- 20 

5 

5 

100 

21- CO 

S2 

2G 

60 

61- 120 

52 

27 

52 

121- 180 

13 

5 

38 

181-1800 

27 

0 

0 


Average time for onset of bends on the first flight 
was 28 minutes, while time for recurrence averaged 
2 minutes. 

Of 17 subjects who had chokes on the first flight, 
only one had a recurrence on the second flight. 

The rapid recurrence of bends on the second 
flight as compared with the time for its appparance 
on the first flight suggests that a residue frequently 
remains in the site in which bends occurred. This 
residue manifests itself on the second flight by the 
almost immediate recrudescence of bends pain. 
After 180 minutes at ground level, this residuary 
factor is dissipated. 

Body size and amount of oxygen used in work 
simulating operation of an airplane. Corporal 
R. R. Ronkin, Med Dept, (by invitation) and 
Peter V. Karpovich. AAF School of Avialion 
Medicine, Randolph Field, Texas. The subjects 
were 27 enlisted men in the basal state, ranging 
from 60.5 to 75.2 inches in height and from 120 to 
220 pounds. They performed standard work on a 
special ergometer, built as a cockpit. The subjects 
•perated a rudder bar and a stick, and moved the 
trunk back, forth, and sidewise. Expired air was 
collected in separate Douglas bags during the arm, 
leg, and trunk movements and was analyzed by the 
Haldane method. The efficiency of the arms and 
legs varied from 3 to 9%. No relation between the 
size of the body and the efficiency of the arms 
could be observed, though the smaller men had 
greater leg efficiency. Efficiency increased with 
increase of load. The largest man eligible for flying 
training consumed 57.9% more oxygen at rest than 
the smallest. During work the largest man con- 
sumed 62.8% more oxygen than the smallest. The 
coefficient of correlation between the gross oxygen 
consumption and the body surface was -i-0.7G at 
rest and -hO.S2 at work. 

Simullaneous measurement of blood volume 
with dye (T-1824) and with carbon monoxide 
(improved method).* W. S. Root, F. J. W. Rough- 
ton (by invitation) and M. I. Greoersen. Depl. 
of Physiology, College of Physicians and Snrge.ons, 


1 This work was dono under a contract, recommended by the 
Committee on Medical Research, between the OfEce of Scientific 
Research and Dcvciopmcnt and Columbia University. 


Columbia TJniv. We have done 34 experiments on 
25 dogs and 15 experiments on 10 men. The CO was 
administered either in the form of CO saturated 
blood or by CO inhalation. With the latter method 
the amount absorbed was determined precisely as 
the difference between the amount administered 
in the inspired air and the amount collected in the 
expired air during and following the inhalation. 
The results are expressed in the table as the ratio 
of the true blood volume (plasma volume with 
T-1824 total erythrocyte volume determined 
with CO, assuming no rapid combination with 
myoglobin) to the blood volume estimated with the 

1 , , { plasma volume \ 

dye method | ; r I. The agreement be- 

\1 — hematocrit/ 

tween the two methods suggests that the unequal 
distribution of erythrocytes in the circulation is 
not as great as hitherto believed and that the total 
blood volume as determined with T-1824 is essen- 
tially correct. 


Summary of blood volume measuremenls with CO and with dye 
(T-ISS4) 


Subject 

No. of 
experi- 
ments 

1 „ TBV (dye) 

1 ° True TBV 

Range 

Average 

Normal dogs 

7 

-0.03-1.04 

0.99 

Splenectomizcd dogs 

10 

0.97-1.07 

1.03 

Hemorrhaged dogs 

6 

0.88-1.01 

0.97 

Traumatized dogs 

6 

0.94-1.09 

1.00 

Normal man rest 

11 

0.98-1.05 

1.01 

Normal man work* 

3 

0.99-1.02 

1.01 


• The work was carried out under tropical conditions. 


Anoxia and malaria — an experimental study on 
birds. H. H. Rostorfer and R. H; Rigdon (intro- 
duced by J. E. Davis). Depls. of Physiology and 
Pathology, Medical School, Univ. of Arkansas, 
Lillie Rock. In previous studies (R. H. Rigdon) it 
has been suggested that the pathological changes 
occurring in'man, monkeys, and birds with malaria 
were caused by anoxemia which resulted from the 
destruction of red blood cells by the malarial para- 
sites. The effect of anoxia on parasitized birds was 
studied by placing the animals in a decompression 
chamber at various intervals during the course of 
the infection. In each of these experiments the 
parasitized birds died earlier and at a lower simu- 
lated altitude than non-malarial controls. The time 
of death was correlated with the degree of anemia. 

In a second series of experiments the course of 
the parasitemia was followed in ducks kept under 
anoxic conditions in the decompression chamber. 
The total number of parasitized cells was greater 
in those birds compared to the malarial controls 
kept at atmospheric pressure. However, the per- 
centage of parasitized cells was approximately the 
same. This variation in the total number of para- 
sitized cells can be accounted for by the polycy- 
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thomia which results in hirils kept under anoxic 
conditions. Tlicse oxpcrinicnts show that death of 
the malarial birds results from the anemia, and is 
not related to the total number of jiarasitea per 
cubic millimeter at any time during tlic parasite- 
mia. 

The reversal of the cutaneous temperatures of 
the digits of the upper and lower extremities after 
extensive sympathectomy. Gu.\ci; M. Roth and 
Cu.\.nu;s Snn.vnn. Dept, of Clinical Physiotogn and 
Division of Biophysical Research, The Mayo 
Foundation, Rochester, Minn. In 1930, Shcard, 
Roth, Ix>ve and Horton reported the case of a pa- 
tient with complete reversal of the cutaneous tem- 
peratures of tlie digits of the upper and lower 
extremities after extensive symp.athcctomy. These 
results indic.ated that the regulatory control of the 
elimination of heat in order that the temperatures 
of the body may remain practically constant at 
9S.6° F. had been shifted from the lower to the 
upper extremities. The question arose as to 
whether this was the exception or tlic usual course 
of events. 

Under basal conditions, cutaneous temperatures 
of the fingers and toes of 117 patients were carried 
out, before and after syrapathoctomy^in a constant 
temperature room maintained at 25.a° C. (78° F.) 
and a relative humidity of 40 per cent. Bilateral 
resection of the splanchnic nerves and of the first 
and second lumbar sympathetic nerves and inter- 
vening trunk was performed on 62 patients with 
essential hypertension. Thirty-five of these pa- 
tients, or 56.4 per cent, showed a reversal of the 
cutaneous temperatures of the fingers and toes 
after operation. Thirty-five patients with occlusive 
arterial disease of one or both lower extremities had 
bilateral resections of the first and second sym- 
pathetic lumbar trunk in 25 instances and uni- 
lateral lumbar sympathectomy in 10 instances. 
There was no reversal of the cutaneous tempera- 
tures of the fingers and toes in this group. When 
cervicothoracic sympathectomj^ was performed on 
20 patients with Raynaud’s disease there was no 
reversal of the cutaneous temperatures of the 
fingers and toes. However, in 6 instances the 
cutaneous temperature of the toes was lower than 
before the cervico-thoracic sympathectomy. 

Studies on diffusion respiration: II. Recovery 
following prolonged respiratory arrest. Latjbence 
W. Roth (by invitation), Richakd W. Whitehead 
and William B. Draper (by invitation). Dept, of 
Physiology and Pharmacology, Univ. of Colorado 
School of Medicne, Denver. It has been shown 
(Draper and Whitehead, Anesthesiol. 5 : 262, 1944) 
tlmt uptake of oxygen from the amosphere con- 
tinues essentially undiminished after respiratory 
arrest provided, at the time of arrest, the nitrogen 
in the respiratory tract and atmosphere has been 


largely replaced by oxygon. This phenomenon has 
been termed diffusion respiration. 

A series of 12 unoperated dogs was placed in a 
chamber containing a virtually still atmosphere 
of oxygen and, after 15 minutes of preliminary 
denitrogenation, respiration was paralyzed bj' an 
overdose of pontotlml sodium. Complete respira- 
tory arrest was then maintained for 45 minutes by 
continued injection of anesthetic. Under these 
conditions oxygen sufficient for metabolic needs 
continues to diffuse inwards as the alveolar tension 
is diminished through the oxygen uptake of circu- 
rating reduced hemoglobin. Oxygen saturation of 
the blood, judged by tongue color, was above normal 
throughout the period of arrest. Two dogs died 
after 43 and 35 minutes, respectively, of respiratory 
arrest. Alveolar gas samples obtained immediately 
after completion of 45 minutes of respiratory arrest 
showed CO 2 tensions ranging from 221 to 30S mm. 
Hg and oxygen tensions ranging up to 192 mm. 
Hg. The accumulated toxic level of alveolar CO- 
was then eliminated by vigorous artificial respira- 
tion. Spontaneous respiration returned in from 3 
to 24 minutes. Of the 10 surviving dogs, two died 
within 24 hours following the experiment. The 
remainder recovered completely. 

Prolonged respiratory arrest duo to pontotlml 
sodium overdose, therefore, is not necessarily fatal 
provided the conditions permit diffusion respira- 
tion. 

The fate of carbon monoxide in the body.' 
F. J. W. Rouohton (by invitation) and W. S. Root 
Dept, of Physiology, College of Physicians and 
Surgeons, Columbia Univ. It has been generally 
believed that CO is not metabolized or otherwise 
destroyed in the mammalian body. If so, then all 
the CO lost from the blood during recovery from 
poisoning should appear in the expired air. In this 
case BfCi-C-) must equal V(Eco-Ico) where B is 
the blood volume, C, and C- are the blood CO con- 
tents at times t,, tj respectively; V is the volume 
of air expred during ti-tj, Eco and Ico are the re- 
spective CO percentages in the expired air and 
inspired air. In testing this equation on normal 
men, enough CO was inhaled to saturate the blood 
about 10 per cent and the expired air subsequently 
collected for 30 minutes, the Ci and Ci samples 
being drawn at the beginning and end of this 
period. Of the CO lost from the blood only 65 ± 5 
percent was recovered in the expired air. Theoreti- 
cal calculation of the maximum rate of CO evolu- 
tion via the lungs, assuming equilibrium between 
the alveolar air and blood as regards CO, also gives 
a figure of 67 per cent recovery in the resting man. 
The CO lost through the skin, urine and feces can 
hardly be appreciable; the missing CO may per- 

I Tkia work was done under a contract, recommended by the 
Committee on Sledical Research, between the Office of Scientific 
Research and Development and Columbia University. 
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haps combine with hemoglobin-like pigments dis- 
tant from the main blood stream, but is more 
probably lost in reactions such, as hydration to 
formate and/or oxidation. Further experiments 
with radio-active tagged CO are planned to test 
these various possibilities. 

Determination of circulation time with thia- 
mine. Arthur Ruskin and George Decherd 
(introduced by C. I. Leake). Dept, of Internal 
Medicine, Univ. of Texas Medical Branch, Galves- 
ton. Thiamine hydrochloride has a characteristic 
“nut-like” odor and taste, which may be detected 
by patients receiving it intravenously. This has 
been utilized as the basis for measurement of arm- 
to-tongue (or-nose) circulation time — a method 
subjective in character, but safe, reproducible, 
and comparable to previously accepted methods. 

In patients without cardio-vascular disease the 
arm-to-tongue circulation time after injection of 
50 to 200 mgs. in the ante-cubital vein was found 
to vary from 7 to 12 secs, with a single exception 
(16 secs.) . In seven normal children it is 5 to 7 secs. 
In patients with organic heart disease without con- 
gestive failure it varies from 8 to 18 secs.; when 
congestive failure is evident it may vary from 13 
to 30 secs. Rapid circulation was seen in four pa- 
tients with thyrotoxicosis (6 to 7 secs.), and in two 
patients with severe anemia (5 to 7 secs.). Uncom- 
plicated essential hypertension and edema not of 
cardiac origin gave normal results. 

These determinations agree closely with the 
values obtained in the same patients with mag- 
nesium sulphate. Amounts up to 300 mgs. of thi- 
amine were required in some patients with conges- 
tive heart failure in order to get the effect. Eight 
per cent of patients tested gave no response to 
thiamine. A few of these reacted to larger dosage. 
Suboptimal doses of thiamine may give false high 
readings, which can be corrected by larger doses. 
No untoward effects were noted. 

Palmar skin resistance (P.S.R.) as a measure- 
ment of occupational fatigue. A. H. Ryan, L. B. 
Nice and Louis S. Cholden (by invitation). 
Dept, of Physiology and Pharmacology, Chicago 
Medical School. The method previously described 
(Ryan and Ranseen, Am. J. Physiol. 142 : 68, 1944) 
consisted of measuring P.S.R. under a standard 
work stress (one minute on a bicycle ergometer). 
The present report is on the effect of the length of 
the working day. 

The occupational group consisted of 70 medical 
students. Thirty-five had additional employment 
at night averaging 3a hours. Average P.S.R. for 
those not working at night was 1766 ohms and for 
those who worked, 2017, with standard deviations 
of 253 and 374 respectively. The difference is highly 
signific.ant statistically, with a Fisher t of 3.26. The 
highest record was 2800 ohms. For each group the 
average age was 22 years and sleep habit 7 hours. 


There was no significant difference in blood pres- 
sure, pulse, body weight and height. 

One student who had been working about 3^ 
hours nightly changed employment requiring work 
from 9 PM to 4 .\IVI nightly, necessitating reduced 
and divided sleep. Immediately before the change, 
his P.S.R. was 2233 ohms. His P.S.R. rose above 
7200 on the twelfth day under the new schedule. 
On the sixteenth day, he felt exhausted and took 
a day off for recuperation. A similar event with 
P.S.R. at 6S00 occurred on the twenty ninth day. 
The average P.S.Tl. for the month of observation 
was 4656. 

These and previous results suggest that this 
method may prove useful in establishing, and in 
determining for individual cases, a critical fatigue 
level beyond which occupational efficiency may be- 
come impaired. 

Post-tetanic potentiation in normal and poi- 
soned unfatigued muscles.* Alexander Sandow 
and A. G. Karczmar (introduced by Harry A. 
Charipper). Washington Square College of Arts and 
Science. Post-tetanic potentiation (PTP) of the 
isometric twitch tension (T) has been observ^ed 
in directly stimulated unfatigued frog sartorii. 
The % PTP (the immediate post-tetanic increase 
of T in % of the pre-tetanic T) in normal muscles 
may be as high as 50% (for a 5 sec. tetanus). The 
immediate potentiation gradually disappears 
roughly exponentially during the ensuing 30-60 
min. rest period. The general relation between the 
PTP and the length of tetanus is unclear, but very 
short (0.2 sec.) and very long (20 sec.) tetani yield 
little or no potentiation. 

The effect of a poison has been determined by 
comparing the PTP of any given muscle first in the 
normal condition and then treated, and allowing 
for complete recovery from the normal run before 
immersion of the muscle in the poison. Soaking in 
1-1000 M KCN Ringer’s for one hour results in an 
average 30% reduction in the pre-tetanic T, but a 
30% increase in the % PTP, and the PTP disap- 
pears more rapidly than in the normal controls. 
1-40,000 iodoacetate for 1 hr. causes a 15% reduc- 
tion in T, but no significant change in % PTP. 

The tension viariations may be correlated with 
certain changes in the hydrolysis of adenosine- 
triphosphate caused by the modifications in the 
muscle’s internal chemical milieu resulting from 
tetanus and the action of the poisons. 

Post-rest potentiation of skeletal muscular con- 
traction. Alex.^nder Sandow and Minda Turkel 
(introduced by Harry A. Charipper). Washington , 
Square College of Arts and Science. Post-rest 
potentiation (PRP) is a special type of enhance- 
ment of the mechanical response of muscle that we 


1 Aided by a grant from the Penrose Fund of the American 
Philosophical Society. 
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linvo ohsorvcd iinincdiiitcly followinp n rest of the 
onler of r>-300 see. intorjwscd. duriiiR the develop- 
ment of fntigiie, in an activity series of maximal 
isotonic twitches at the rate of 1/sec. of directly 
•stimulated frog gastrocnemii. Tlic general PRP 
.sequence begins with an immediate, primary, 
twitch-height incrc.sse relative to the pre-rest 
twitch, which in 5 to 0 succe.ssivc contractions 
dccrc.ascs rapidly; there follows in the next 7 to 9 
twitches a secondary increase in the twitch-height 
which is then reversed so that the ensuing set of 
gradually declining contractions approximates to 
that obtained in the usual fatigue series unbroken 
by interiKJscd rests. As fatigue develops, the rela- 
tive primary RPR incrc.ascs continuously, being 
most pronounced at total fatigue, but the relative 
secondary PRP first increases to a point where 
fatigue is about 50%, and then decreases until it is 
completely absent in the totally fatigued muscle. 

SccondaryPRP never appears in muscles from 
stan-ed animals, and, presumably because of sea- 
sonal variations, it may not appear in some well 
nourished muscles. PRP is not affected by KCN, 
but both its potentiations showa relative decrease 
in LV-A muscles. 

The mechanical behavior in PRP is quite differ- 
ent from that obtained in a twitch activity series 
after a very long (several hours) rest; the under- 
lying mechanism of PRP must therefore differ from 
tliat involved in normal recovery. 

Structural alterations in the brain of the albino 
rat after concussion. H. M. Sch.^mp (by invitation) 
and W.F.Wixdle. Inst, o/ Neurology , Northwestern 
Univ. Medical School, Chicago. Concussion was 
produced in 2 albino rats anesthetized lightl}' with 
nembutal by striking the movable head with an 
eccentric pendulum. Six days later they and an 
anesthetized control animal were killed and per- 
fused n-ith formalin. The brains were prepared for 
histological study. 

No histopathological changes were found in 
primary motor neurons of the brain stem or spinal 
cord. Many of the large, medium sized and small 
nerve cells of the reticular formation of the medulla 
oblongata, tegmentum of the pons and midbrain as 
well as manj' large cells of such nuclei as Deiter’s 
showed marked chroma tolj'sis. The control showed 
no chromatolysis. This reaction was identical with 
that previously described in the guinea pig and 
monkey brain. It differed distinctlj' from the type 
of chromatolysis observed after asphyxiation and 
from that observed after axon section. In the 
present controlled experiment no peripheral vacu- 
olization of nerve cells such as was reported re- 
cently by Tedeschi (Proc. Soc. Exper. Biol & Med., 
57 : 266, 1944) after head trauma in albino rats, was 
observed. The latter type of neuron damage is 
suggestive of severe asph 5 ’.\ial or of postmortem 
clianges. Uncomplicated concussion is charac- 


terized by immediate disorganization of Is issl-body 
pattern's followed by rni)idly developing chroniatol- 
ysis which may culminate in death or recovery of 
the cells. [H’orfc done under contract, sponsored by 
CM It, between OSItD and Northwestern Unit’.] 

Changes in renal clearances following complete 
ischemia of the kidney. Ewalu E. Sbi.kuiit (in- 
troduced by Carl J. IViggcrs). Dept, of Physiology, 
School of Medicine, Western Reserve Univ., Cleve- 
land, 0. Renal clearance of creatinine, taken as a 
measure of glomerular filtration in the dog, and 
clearance of p-amino-hippurate, a measure of effec- 
tive renal plasma flow, arc reduced following the 
clamping of the renal artery, the reduction being 
proportional to the duration of ischemia. A 3-6 
minute interruption caused an average reduction 
of 24 per cent. Ten minutes of complete ischemia 
caused a 72 per cent reduction in clearances, and 
an almost complete cessation of clearance followed 
a 20 minute period of clamping. Observations were 
continued for 136 minutes after the release of the 
clamp. Control clearances of the right kidney 
showed no significant changes, nor did mean blood 
pressure vary significantly. 

Two c.xplanations of the reduced clearances are 
offered : (a) the period of brief ischemia has induced 
a prolonged vasoconstriction of the renal arterioles ; 
(b) damage to the tubules has resulted from the 
anoxemia. 

These conclusions are based on the following 
observations: (a) the clearances are influenced to 
a greater degree than the renal blood flow measured 
by a direct method; (b) the extraction ratio of 
hippurate is reduced in proportion to the degree 
of ischemia; and (c) changes in the concentrating 
ability of the- tubule cells resulted from the is- 
chemia. Such results suggest caution in the use of 
clearance tests in estimation of renal blood flow 
under conditions in which renal anoxia exists, as in 
shock. 

Influence of ultraviolet irradiation on anaphy- 
laxis in the guinea pig.W. A. Sejjjb. Dept, of Physi- 
ology, Univ. of Texas, Medical School, Galveston. 
Symptomatic therapy of allergic diseases consists 
mainly in counteracting effects which might be 
concerned with the pharmacologic effect of released 
histamine. It was previously shown that the re- 
sponse of normal intestinal strips to histamine, and 
of sensitized intestinal stops to shocking doses of 
antigen, is reduced after ultraviolet irradiation in 
vitro. Attempts were accordingly made to reduce 
the anaphylactic reaction of guinea pigs by irradia- 
tion of the whole animal. 

Guinea pigs sensitized to egg white were sub- 
jected to increasing dail 3 ' exposures of ultraviolet 
light, generated by a Burdick quartz mercury lamp 
(2900-3200 A., distance 90 cm.). The hair of the 
back and neck was removed by barium sulphide. 
The initial exposure of 2 minutes was increased 
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90 seconds on each succeeding day. On the 15th 
day of treatment, the 20th day after sensitization, 
the 12 animals irradiated and an equal number of 
untreated sensitized animals were given a minimal 
shocking dose of antigen by cardiac puncture. 
Nine control and 10 treated animals died in typical 
anaphylactic shock. There was thus no evidence 
that the severity of the anaphylactic reaction is 
reduced by ultraviolet irradiation. 

Effect of clothing upon the ability of acclima- 
tized men to work at the upper limits of environ- 
mental heat. W. B. Shelley^ (by invitation), L. 
W. Eichna^ (by invitation) and S. M. Horvath.* 
Armored Medical Research Laby., Fort Knox, Ky. 
A previous study indicated the upper environ- 
mental limits of temperature and humidity toler- 
ated by nude men working in hot environments. 
This study showed that the wet bulb temperature 
of the environments, rather than the dry bulb 
temperature or the relative humidity per se, was 
the factor which largely determined the ability 
of men to work in the heat. The present investiga- 
tion was designed to determine the effect of cloth- 
ing upon these limits. 

Twelve (12) young men were acclimatized to hot 
environments which have been shown to be the 
upper environmental limits tolerated by nude 
working men. These men performed a daily work 
load of 4 hours of continuous marching at 3 mph 
carrying a 20 lb. pack (total energy expenditure, 
250 to 300 Cal/hr.) . Their performance and physio- 
logic response when clothed in a two-piece coverall 
of herringbone twill were compared with their 
reactions when nude. The data taken consisted of 
hourly heart rates and rectal temperatures, sweat 
loss throughout the work period and skin tem- 
peratures at the beginning and end of work. 

Clothing imposes a load which may be expressed 
in terms of the external environmental load. 
Wearing one layer of herringbone twill has approxi- 
mately the same effect as raising the wet bulb 
temperature of the environment 2°F. to 4°F. This 
means that nude men can work in environments 
in which the wet bulb temperature is 2'’F. to 4°F. 
higher than the wot bulb temperature in environ- 
ments tolerated by clothed working men; e.g., at a 
dry bulb of 120°F., the nude man can work at a 
wot bulb of 92°F. whereas the clothed man cannot 
work if the wet bulb, exceeds 88°F.-90°F. This 
pertains to the average man, individuals are at 
times capable of better performance. 

In addition to lowering the upper limit at which 
men can work, clothing imposes an added physio- 
logic “cost” on men working in hot environments. 
For example, at one upper limit at which clothed 
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men could work for 4 hours (120®F.-88°F.), the 
following physiologic data were obtained. The 
data are the average for 12 men. 



Final rectal 
temperature 

Final heart 
rate/min. 

Final skin 
temperature 

Avg. sweat 
loss 


°F. 


°F. 

gms/hr. 

Nude 

■ 09.7 

115 

97.0 

1125 

Clothed 

1 

100.7 

135 

97.9 

1419 


Influence of ultraviolet irradiation on histamine 
sensitivity and the Schultz-Dale (anaphylactic) 
reaction. Virginia Shepperd (by invitation) and 
W. A. Selee. Dept, of Physiology, Medical School, 
Univ. of Texas, Galveston. The histamine response 
of the isolated ileum of the guinea pig, immersed 
in 1§ cm. of oxygenated Tyrode’s solution at room 
temperature, is reduced approximately 50% after 
10 minutes of irradiation with an air cooled quartz 
mercury lamp (2900-3200 A., distance 90 cm.). 
After 20 minutes of irradiation the response (to 
10 gamma of histamine base) is only 20% normal; 
after 40 minutes histamine has little or no effect. 
If the intestinal segments are kept in the host’s 
serum or plasma during irradiation, the loss of 
sensitivity is equally rapid. 

The anaphylactic response of perfused strips of 
ileum, taken from a guinea pig previously sensi- 
tized to egg white (Schultz-Dale reaction), is also 
reduced by ultraviolet irradiation. Sensitized 
strips kept in oxygenated Tyrode’s solution and 
irradiated for 10 minutes display approximately 
40% of the normal responsiveness ; after 20 
minutes of irradiation they are 25% responsive, 
and after 40 minutes, approximately 10% respon- 
sive. Similar intestinal segments irradiated while 
in the host’s serum or plasma, lose their sensitivity 
to the assaulting dose of foreign protein as rapidly 
as do segments irradiated in Tyrode's solution. 

Observations on the role of the autonomic ner- 
vous system in the diabetic response to alloxan. 
Eeva S. Shipley (by invitation), Adelle Ranne- 
FELD (by invitation) and Karl H. Beyer. Dept, 
of Pharmacology, Medical-Research Division, 
Sharp Q Dohme, Inc., Glenolden, Penna. Experi- 
ments have been performed to determine the 
significance of the autonomic innervation of the 
pancreas, adrenals, and other upper abdominal 
viscera in the glycemic changes following alloxan 
administration in dogs. The procedure consisted 
of a two stage supradiaphragramatic operation for 
bilateral vagotomy and bilateral lower thoracic 
sympathectomy. At least the last six thoracic 
ganglia and their adjoining chain were removed. 
Several days later, following repair of the second 
stage of the operation, the dogs were fasted over- 
night and then injected intravenously with alloxan 
equivalent to 75 mgm./kgm. of body weight. Blood 
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sugar \7\Iucs were clofcrmiiioil before niul after the 
nclministration of alloNun. 

In nnopcralcd, similarly treated dogs the hypo- 
glycemic phase of the response to nlloNan usually 
reached its lowest level at S hours after the injec- 
tion, and the blood glucose had again reached 
normal or hyperglycemic levels at 21 hours after 
alloxan treatment. In the vagofomized, sympa- 
thcctomized dogs the maximal hyiioglyccmic 
resi)onsc was delayed for 12 to IG hours and was 
observed at 21 hours after the injection. similar 
delay TOs observed in the appeamnee of the hyper- 
glycemic phase of the rcspon.se to alloxan. 

Experiments are in progress to determine the 
effects of alloxan injections into rats with bilater- 
ally sectioned vagi and with intact adrenals, 
adrenal enucleation, or complete adrenalectomy. 
Comparisons arc to be made with similarly in- 
jected normal adrenal enucleated, and corhplctely 
adrcncctomizcd rats with intact vagi. 

Inulin, diodrast and urea clearance studies on 
aged human subjects. N.xthak W. Shock. Division 
of Physiology, jS’aiional Insl. of Health, Bcthcsila, 
Md. and Baltimore City Hospitals, Baltimore, Md. 
Fifteen colored males, aged 70-S5 years, free from 
clinical signs or previous history of cardiovascular 
or renal disease were used as subjects. Inulin, dio- 
drast and urea clearances were determined simul- 
taneously in each subject under b.asal conditions. 
Urines were obtained by catheterization and four 
clearance periods of 15-20 minutes were observed 
in each subject. Blood levels of 1.5-2.0 mg. per cent 
diodrast and 15-20 mg. per cent inulin were main- 
tained by continuous intravenous infusion. Urine 
flows were maintained at S-15 cc. per minute by 
oral administration of water. After the four clear- 
ance periods, the diodrast blood level was increased 
to 15-20 minutes were used for the determination 
of diodrast T„. 

Average values on a group of 10 colored subjects, 
aged 30-45 years selected on the same basis did not 
vaiy significantly from average results published 
in the literature. In the aged subjects, the average 
standard inulin clearance was reduced by 45 per 
cent. Diodrast clearance. was reduced by 60 per 
cent, so that the average filtration fraction was in- 
creased by 35 per cent. The average value for 
standard Tn, was reduced only 40 per cent so that 
the insulin clearance perunit of Tm was within 
normal limits. Diodrast clearance per unit of Tm 
w-as significantly reduced. 

Effect of subtotal nephrectomy on high-altitude 
polyuria in the rat. Herbert Silvettb. Dept of 
Pharmacology, Univ. of Virginia, Charlottesville. 
Six groups of white rats were placed in metabolism 
cages for 3 hours daily for 30 days under the follow- 
ing conditions : Group I, unoperated controls at 
room pressure (760 mm. Hg) ; group II, unoperated 
controls exposed to a pressure of 282 mm. Hg in 


decompression chambers; group III, unilaterally 
nephrcctomizcd, 760 mm. Hg; group IV, uni- 
latcnilly ncphrcctomized, 282 mm. Hg; group V, 
siibtotally ncphrcctomized (one and two-thirds 
kidneys removed in a two-stage operation), 760 
inm. Hg; group VI, subtotally ncphrcctomized, 
282 mm. Hg. 

The urine output of unoperated and unilaterally 
ncphrcctomized anmals at 760 mm. Hg (groups I 
and III) average below 0.5 cc. per 100 grams body 
weight per 3-hour metabolism period. The com- 
parable urine output of unoperated and unilater- 
ally ncphrcctomized rats e.xposcd to 282 mm. Hg 
(grou])s II and IV) ax'eraged between 1.5 and 2.0 
cc., there being no significant difference between 
the two groups. Histological c.xamination of the 
remaining kidney of groups III and IV rats at the 
end of the experiment showed slight compensatory 
hypertrophy, no more marked in the animals ex- 
posed to low pressures than in the eontrol animals 
at room pressure. 

Subtotal nephrectomy was followed at 760 mm. 
Hg (group V) by an increase in urine output equal 
to that of unoperated animals at a pressure of 282 
mm. Hg; but when subtotally ncphrcctomized 
animals were exposed to 282 mm. Hg (group VI), 
their polyuric response was apparently maximal, 
the urine output averaging between 2.5 and 3.0 
cc. per 100 grams per 3-hour period. The histo- 
logical picture was also significant : tubular hyper- 
trophy and distension were marked, but there was 
no appreciable injury to the glomeruli. These ex- 
periments offer further proof that the polyuria 
observed at low barometric pressures is a result of 
failure of tubular (reabsorptive ) function. [This 
invesligation has been made with the assistance of a 
grant from the Ella Sachs Plots Foundation.] 

Electrocardiographic changes in different nu- 
tritional slates. Ernst Simonson, Au.stin Hen- 
schel, Henry Longstreet TAn.OR and Ancee 
Keys. Laby. of Physiological Hygiene, Univ. of 
Minnesota, Minneapolis. Definite athiaminosis 
was produced in 10 men within 16 to 24 days by 
diets adequate in all respects save thiamine which 
was substantially zero. The diet and activity of 
these men were precisely controlled for 5 months 
prior to this acute experiment. Analysis of average 
values of repeated electrocardiograms showed: 

/ Q T \. 

1) K I — ^ 7 === 1 increased from 0.384 to 0.403, 2) 


K formechanical systole (from stethocardiography) 
increased from 0.319 to 0.332, 3) QRS amplitude 
(S of leads 1, 2, 3) decreased from 27.87 to 23.95, 
4) heart rate decreased in nine men from 61.5 to 
54.8; one man showed an increase. All these 
changes were statistically significant. Occasional 
other changes were not so significant; these in- 
cluded decreases or inversions of T, especially in 
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leads 2 and 3. Three weeks of thiamine supple- 
mentation (5 mg. daily) removed almost all symp- 
toms but there was no recoveiy ofK for mechanical 
systole or heart rate and only partial recovery of 
QT interval and QRS amplitude. 

Acute starvation with moderately heavy work 
for 3§ days of 4 normal subjects produced no 
change in the ECG in the supine position but the 
response to tilting to 65° was consistently changed : 
greater tachycardia, increased right axis deviation, 
more pronounced decrease of the T Wave in leads 
2 and 3. All subjects also showed alterations in 
QRS amplitude and QT interval but the changes 
were not uniform. [This work was supported in part 
under the terms of a contract between the Regents of 
Ihc University of Minnesota and the Office of Scien- 
tific Research and Development. Support from other 
sources will be acknowledged in final publication.\ 

A simple method for the study of biliary tract 
function in unanesthetized dogs. W. J. Snape^ 
(by invitation) and J. E. Thomas. Dept, of Physi- 
ology of the J efferson Medical College, Philadelphia. 
Unanesthetized dogs with permanently cannu- 
lated duodenal and gastric hstulae were used. The 
duodenal fistula was placed opposite the biliary 
papilla. 

Small, bent, glass catheters of varying diameters 
with a bulbous enlargement midway between the 
tip and the elbow were inserted into the conunon 
bile duct via the duodenal fistula. A definite point 
of resistance was encountered as the bulbous en- 
largement passed the sphincter. The action of the 
sphincter muscle maintained the catheter in place. 
The catheter was inserted to an average depth of 
18 mm. Incompetence of the sphincter with the 
catheter in place was proven by failure of the emp- 
tied gall bladder to fill. 

This method allowed the following observation 
to be made; 

1. Abolishing the effect of the sphincter alone 
did not result in emptying of the gall bladder. 

2. Fresh cream, soured cream, and peptone were 
effective in emptying the gall bladder, with 
or without the catheter in place. 

3. Sodium sulfate and magnesium sulfate in 5, 

, 10, and 15 per cent solutions when placed in 

the small intestine failed to cause emptying 
of the gall bladder either with the sphincter 
competent or made incompetent by catheter. 

Humoral control of Brunner’s glands. Ralph R. 
SoNNENsCHEix (by invitation) and A. C. Ivv. 
Dept, of Physiology, N'orthwcslern Univ. Medical 
School, Chicago, III. A humoral mechanism for 
regulation of Brunner’s glands was demonstrated 
by Florey and Harding, who claimed secretin to 
be the hormonal agent (Proc. Roy. Soc. B 117: 


t Rch 3 V. Patterson Fellow in Plij-siolosj- and Gastrocntcr- 


1935; Quart. J. E.\p. Physiol., 25, 1935). We have 
used a similar operative procedure, transplanta- 
tion of the first inch of the duodenum, in four dogs. 
The observation has been confirmed, in 17 of 22 
experiments, that a meal causes an increase in the 
rate of secretion ; this establishes the existence of a 
humoral mechanism. Ergotamine (0.5 to 1.0 mg.) 
inhibits this response to a meal (4 experiments). 

Crystalline secretin was administered intrave- 
nously in twelve experiments, in doses of from 0.1 
to 100.0 mg. In nine no change was observed, and 
in three a questionable increase in the rate of secre- 
tion occurred (doses of 0.1 and 4.0 mg.). Injection 
of a crude, vasodilatin-free secretin preparation; 
SI, (Greengard and Ivy, Am. J. Physiol., 124, 427, 
1938), however, in doses of 8.0 to 15.0 mg., evoked 
a response in each of thirteen experiments. Ten 
to 25.00 mg. of the aniline precipitate of SI (secre- 
tin-free) caused a definite increase in secretion in 
four of five experiments. These observations sug- 
gest that the results of Florey and Harding may 
have been due to their use of an impure secretin. 
Work is in progress to isolate the active factor. 

The effect of electrical stimulation upon 
strength loss in denervated rat muscle. Salvador 
Arana Soto (by invitation) A. J. Kosman (by 
invitation) S. L. Osborne and A. C. Ivy. Dept, 
of Physiology, Northwestern Univ. Medical School, 
Chicago, III. The sciatic nerve was sectioned 
bilaterally in 64 male albino rats and the loss of 
tension in both gastrocnemii was determined at 
various stages of atrophy. The greatest strength 
loss occurs in the first 15 days following denervation 
(72.3 per cent). At the end of 30 days the dener- 
vated muscle retained only 14.8 per cent of its 
original tension. 


No. of animals 

Days after 
denervation 

% tension loss 

4 

5 

35.4 

5 

10 

5S.5 

23 

15 

72.3 

7 

IS 

75.4 

5 

20 

77.S 

5 

25 

81.0 

15 

30 

85.2 


In another group of rats the denervated gastroc- 
nemius on one side was stimulated once daily for 
15 minutes with a surging 25 cycle alternating cur- 
rent producing 40 contractions a minute. The op- 
posite denervated muscle served as the untreated 
control. 


No. of 

Days after 

% difference 

% difference 

[X {animals 

denervation 

tension 

weight 

20 

15 

53.0 

17.0 

If, 

30 

05.2 

54,8 
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Eloctrical stinnilatioii of tlin doiiorvalcd nit 
pisltxicucmius with a 25 cycle aUcrnalinR ciirronl 
retards the weight and strciiRth loss of the muscle. 
[Supported by o grant front the .National Founda- 
tion for [nfanttlc I’aralysis, Inc.l 

Effect of local temperature upon blood flow In 
oxtremitics. Lt, C. H. Spk.m.man, II(S), USNR. 
Kami Medical Itcecarch Inst., Kational Kami 
Medical Center, Pethesda, Md. Observations of 
blood volume flow through the hatid were made on 
healthy young men, using the venous occlusion 
technique. Surface temperatures of the trunk, 
hands and feel were also recorded. Observations 
were continued for three hours since approximately 
two hours are required to establish equilibrium 
conditions. Results obtained arc summarized be- 
low, where T(ivator) indicates the temperature 
of the water in the plethysinograph, T (finger) 
indicates the temperature of tlic free hand, and 
blood flow (B.F.) is expressed as cc/100 cc/min. 
Temperatures are given in °C. 


T(wfltcr) 

5 

10 

15 

20 

25 

30 

35 

Tttnmk) 

Zi.i 

34.5 

34.7 

34. S 

34.3 

34.9 

34.2 

TffmKcr) 

2S.9 

32.3 

33.3 

33.8 

33,3 

32.6 

32.9 

T(loc) 

27.2 

31.0 

32.9 

33.8 

32.9 

30.0 

32.0 

B.F 

5.1 

2.5 

1.2 

1.2 

2.7 

5.9 

8.9 


Blood volume flow is least when hands arc moder- 
ately cold (15 to 20° C.) When hands are very cold, 
blood volume flow approximately equals that in 
warm hands. These observations were made under 
environmental conditions (D.B. 24° C., W.B., 16° 
C., with slight air movement) such that the sub- 
jects were comfortable with the light clothing 
worn. Under conditions in which subjects are 
cold, blood flow is influenced by local temperature 
in a qualitatively similar manner ; however, blood 
flow is considerably less at any given hand tem- 
perature. Observations have also been made under 
very warm environmental conditions. [The mate- 
rial in this article should he construed only as the 
personal opinion of the writer and not as repre- 
senting the opinion of the Navy Department offi- 
eially.] 

Fixed persistence in the rat of spinal reflex 
patterns rendered extremely maladaptive by cross 
union of sensory nerves (motion picture). R. W. 
Spekky (introduced by K. S. Lashley). Harvard 
Vniv., Cambridge, Mass., Nerves of the left hind 
foot were transected and crossed contralaterally 
to the peripheral stumps of the corresponding 
nerves of the right foot, so that after nerve regen- 
eration the right foot was reinnervated only by 
nerves that originally had supplied the left foot. 
This led in all cases to erroneous contralateral 
localization of stimuli applied to the reinnervated 
foot and also to a reversal of hind limb reflexes 
initiated through the crossed sensory nerves. 


Alfhotigli extremely maladaptive, the reversed 
reflex reactions nevertheless persisted without 
inliibitiou or correction by central nervous rcacl- 
justmeut. A full printed account of the experi- 
ments is reported in •!. Comp. Ncur., vol. 7S, pp. 
59-f)0. 

Anticonvulsant effects of steroids. E. A. Spie- 
GEEaiul II. T. 5Yvcis (by invitation). Dept, of Ex- 
perimental Neurology, Temple Univ. Medical 
School, Philadelphia, Pa. Continuing former 
studies (E. Spiegel, Fcder. Proc. 2, no. 1, 1943) 
anticonvulsant ctTects were observed on white 
female rats with aiulrostencdionc, dehytlroandros- 
(cronc, dcsoxycorticostcrone acetate, acetoxy- 
prcgncnolonc, progesterone, and testosterone. The 
following substances had no or only a questionable 
anticonvulsant action; cholesterol, allocholcstcrol, 
cholcstcryl bromide, cpicholcstanol, stigmasterol, 
stigmastcry! acetate, a-spin.astoryl acetate, ergos- 
tcrol, crgosteryl acetate, a-crgostcnyl acetate, 
dchydrocholic acid, dcsoxycholic acid, A^-3-ace- 
toxycholcnic acid, sarsasapogenin acetate, pseudo 
sarsasapogenin acetate, diosgenin acetate, pseudo 
diosgenin acetate, a estradiol benzoate (progynon 
B), theclin in oil, G (a) accto.xy-progcsteronc 
(amorphous modification), etio-cholan-3j3-ol-17' 
one acetate, 5 prcgncn-3fl-ol-20-one acetate, 6^ 
16 pregnadien-33-ol-20-onc acetate, stilbesterol. 
The anticonvulsant dose lies rather close to or is 
identical with the hypnotic dose for testosterone, 
progesterone and desoxy corticosterone; a definite 
margin between these doses exists for adrostene- 
dionc, dehydroandrosterone and acetoxypregneno- 
lonc. [Aided by a grant from the Schcring Corp.] 

Influence of retinal impulses upon vestibulo- 
ocular reflex arc. E. A. Spiegel and N. P. Scala 
(by invitation). Dept, of Exper. Neurology, Tem- 
ple Univ. Medical School, Philadelphia, Pa. Le- 
sions of the optic tract or of the external geniculate 
body were produced electrolytically in cats under 
nembutal anesthesia, the needle being introduced 
by means of a Horsley-Clarke stereotaxic appa- 
ratus ; or the optic tract -was cut after it had been 
exposed by the technic of the overhanging brain. 
A marked difference between the postrotatory 
nystagmus following clockivise rotation and that 
following counterclockwise rotation was observed 
postoperatively. The duration of the postrotatory 
nystagmus to the operated side reached up to three 
times, the number of its jerks up to four times the 
corresponding values of the nystagmus to the nor- 
mal side. This prevalence of the nystagmus to the 
operated side could be observed for several months 
following the operation. These observations seem 
to indicate that impulses from the homolateral 
halves of the retinae have an inhibitory effect upon 
vestibulo-ocular reflexes tending to produce 
nystagmus to the same side. 

The effecls of intra-arterial administration of 
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acetylcholine on gastric secretion and motility. 
George W. Stavraky. Dept, of Physiology, Unio. 
of Western 07itario Medical School, London, Can- 
ada. In over 40 experiments on anaesthetized dogs, 
acetylcholine chloride and acetylcholine bromide 
were introduced into various branches of the gas- 
tric arteries. 

When injected into a quiescent stomach (al- 
kaline reaction of the mucosa) acetylcholine had a 
tendency to evoke different responses from differ- 
ent regions of the viscus. Gastric juice secreted 
from the lesser curvature was of low acidity but 
contained large quantities of mucus and pepsin; 
for the most part free HCL was absent from it and 
the total chloride was low (127.2-145.8 m..eq./l.). 
An abundant flow of alkaline gastric juice was usu- 
ally obtained from the greater curvature of the 
stomach, this sometimes following an initial period 
of acid secretion; the alkaline gastric juice (pH 
7.6-8.9) contained variable amounts of dissolved, 
opalescent mucus but no pepsin, and the total 
chloride in it varied between 94.5-144.3 m.eq./l. 
Also, from the pyloric region of the stomach a 
secretion of alkaline mucus was obtained, the 
latter however being not opalescent but clear. 
When introduced into a secreting stomach (hist- 
amine), dilute solutions of acetylcholine increased 
the output of acid and pepsin, whereas more con- 
centrated solutions reduced the acidity and the 
total chloride of the gastric juice, but markedly 
increased the output of pepsin and mucus. All 
these effects of acetylcholine were enhanced by es- 
erine and reduced or precluded by atropine. 

Intra-arterial administrations of acetylcholine 
often greatly increased the motility of the stomach. 
In several experiments an hour-glass contraction of 
the stomach developed, completely separating the 
pyloric region from the body of the stomach so that 
simultaneously, alkaline mucus was collected from 
the former and acid gastric juice from the latter. 

Studies on the effects of an antispasmodic com- 
pound on the colon activity in dogs. F. R. Steg- 
GERDA, A. B. Taylor (by invitation) and 
Justin Hoekstra (by invitation). Dept, o/ Ph7jsi- 
ology, Univ. of Illinois, Urbana. The effects of 
various doses of an antispasmodic compound (Ab- 
bott Laboratories) in combination with certain 
amounts of nembutal were studied in unanes- 
thetizcd dogs whose colons had previously been 
made opaque to x-rays with thorotrast. 

The activity of the colon was recorded by means 
of a modified catheter inserted directly into the 
colon via the rectum. This apparatus was made 
leak proof by passing the catheter through an im- 
provised rubber funnel cemented to the anus. This 
preparation provided for the injecting of known 
quantities of gas into the colon and the recording of 
pressure changes by means of a water manometer. 
The permanent visualization of tlie colon to x-rays 


with thorotrast made it possible to make a picture 
of the exact changes which occurred in the colon. 

The results indicate that the colonic tone and 
contraction waves, resulting from distention with 
gas, show a progressive tendency to decrease with 
intravenous injections of 10 to 40 mg of the anti- 
spasmodic compound. When small amounts of 
nembutal (30 mg) were given intravenously at the 
time of the administration of the compound, the 
effects were increased by at least 50%. That the 
effects of the nembutal are not specifically on the 
colon musculature is shown by its ineffectiveness 
when similar comparisons are made on isolated 
strips. 

The results suggest that nembutal reflexly affects 
the colonic musculature and thereby allows its 
increased susceptibility to the antispasmodic com- 
pound. 

Effect of hyperglycemia on the motility of 
the small intestine of the dog. J. Clifford 
Stickney, David W. Nobthup and Edward J. 
Van Liere. Dept, of Physiology, School of Medi- 
cine, West Virginia Univ., Morgantown. Belenkov 
(Fiziologicheskii Zhurnal SSSR 30, 704, 1941) has 
reported that .intravenous glucose inhibits the 
motility of the small intestine of dogs with Thiry- 
Vella loops. Since there has been considerable 
conflicting evidence in regard to this problem, we 
have reinvestigated it on dogs with a technique 
(Macht’s) which has been used extensively in 
studying intestinal motility in this laboratory. 

Fifty cc. of a charcoal -acacia mixture was given 
by stomach tube to 37 unanesthetized dogs; after 
3 min. 1.5 g. glucose per kg. as a 25 per cent solu- 
tion was given intravenously to 19 of the dogs, 
while 18 were given an equivalent volume of saline 
intravenously. Twenty-five min. after intubation, 
blood was drawn for sugar analysis (Folin and Wu 
method). Thirty min. after intubation the dogs 
were given a fatal dose of ether, the small intestine 
was removed and the distance the charcoal mixture 
had traversed, measured. 

The average blood sugar of the control dogs was 
99 mg. per 100 cc., while that of the experimental 
dogs was 285 mg. The average distance traversed 
by the charcoal mixture in the control dogs was 
183 cm. and in the hyperglycemic dogs, 141 cm. 
The difference, 42 cm. (23 per cent), is statistically 
significant, and it is, concluded that severe hyper- 
glycemia retards the motility of the small intestine 
of the average dog. 

The emptying of the human stomach as influ- 
enced by the nutrient composition of the meal. 
Angie Mae Sturgeon (by invitation), Austin 
Henschel and Ancel Keys. Lahy. of Physiolog- 
ical Hygiene, Univ. of Minnesota, Minneapolis. 
The influence of test meal composition on rate of 
gastric emptying was studied in 8 normal young 
men who had been for months on a carefully stand- 
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nrdireil dietary. Tlic control test meal was a stnnd- 
aitl cooked oat meal -barium sulpliate mixture. In 
the experimental test meals, part of the oatmeal 
■>vn.s isoealorically reiilaecd with either snpar, Init- 
terfat, hydrogenated veROtahle shortening or lac- 
talbumin to give high carbohydrate (S5% of cal- 
orics), fat (70^0 of calorics) or protein (S5% of 
calorics) me.als. The caloric content and weight of 
all test meals w.as constant. Ilocntgonograins of 
the stomach were taken at 5, 30, GO and 00 minutes 
after the test meals were eaten and from then on 
the progress of the meal rnis folIo«-cd b.v means of 
fluoroscopy. The final emptying time was confirmed 
by a roentgenogram. Statistical analyses of the 
per cent of the original me.al emptied bj’ the stom- 
ach at the various time intervals and the time 
required for complete emptying of the stomach re- 
vealed no significant difference (1) in rate of emp- 
tying or final emptying time between the control 
test me.al and cither the high carbohydrate, high 
fat or high protein test meats, (2) in rate of empty- 
ing through 90 minutes between the high carbohy- 
drate, high fat and high protein test me.als, (3) in 
final emptying time between the high fat and either 
the high carbohydrate or high protein meals. The 
final emptying time for the high protein meal was, 
however, significantly longer (a^•cragc ± 51 mins.) 
than for the high carbohydrate meal. 

Determination of man’s blood pressure on the 
human centrifuge during positive acceleration.* 
R. E. Sturm (by invitation), E. H. Wood and E. 
H. Lambert (by invitation). Acceleration Laby., 
Mayo Aero Medical Unit, Rochester, Minn. An 
apparatus consisting of the following parts has been 
devised for the indirect determination of man’s 
systolic blood pressure on the human centrifuge; 

(1) an inflatable cuff surrounding the wrist; 

(2) a magnetically operated inflating valve, which 
on opening raises the cuff pressure 40 mm. of mer- 
curj'; (3) a constant leak, deflating the cuff ap- 
proximately 10 mm. of mercurj' per second; (4) a 
photo-electric opacity pulse detector on a finger 
distal to the cuff and (5) an adjustable electronic 
synchronizer, which opens the magnetic inflat- 
ing valve in response to impulses received 
from the photo-electric pulse detector. 

In operation, the cuff pressure is raised above 
systolic blood pressure. The constant leak then 
slowly reduces this pressure. When a systolic 
pressure peak pushes a pulse wave past the cuff, 
it is detected in the finger. The pulse activates the 
magnetic valve, which instantly raises the cuff 
pressure 40 mm. of mercury. By simultaneously 
recording the finger pulsations and the wrist cuff 
pressure a determination of systolic blood pressure 


iWork done under contracts with:.(l) United States Armj- 
Air Forces, Wright Field, Dayton, Ohio, and (2) the Office of 
Scientific Research and Development, Kational Research 
Council, Washington, D. C. 


at the wrist i.s obtained every three or four heart 
bents. 

During exposure to positive acceleration tho 
blood pressure at flic level of the eyes foil approxi- 
mately 20 to 30 mm. of mercury per g increase in 
acceleration. Tlic maximal fail occurred within 
seven seconds and was followed by recovery of tho 
blooil pressure level while acceleration was mnin- 
fnined. Thus like other physiologic changes in 
man during positive acceleration, tho blood pres- 
sure displ.ays a period of failure followed by a period 
of compensation. 

The effeefs of explosive decompression and the 
extent to which it has been proved safe for young 
healthy subjects. H. M. Sweb.vey and M. H. 
JoFFE (bj- invitation). Aero Medical Laby., Wright 
Field, Dayton, 0. The princip.al operational hazard 
in pressurized aircraft has been considered to be 
the effect of sudden loss of the pressure dilferential 
(explosive decompression) on aircrews. 

The degree of explosive decompression which 
one can withstand safely is determined by the 
extent and/or rate of expansion of the gases in 
hollow viscera. Of the four pertinent factors in- 
volved in explosive decompression, two, the pres- 
sure dilferential and the flight altitude, regulate 
the extent of expansion, wliilo three, namely the 
pressure differential, tho volume of tho pressurized 
compartment, and the size of tlie aperture, regu- 
late the rate of expansion. The danaaging effect on 
tlio lungs from decompression in cases where the 
expansion is greater than can be accommodated 
without stretching the tissues beyond physio- 
logical limits (which experimentally and theoret- 
ically appears to be an expansion greater than 2.3 
times the initial volume), depends upon the rate 
of decompression; if the expansion is less than 2.3 
times, the effects are independent of rate. 

At the moment of decompression, the subjects 
experienced a sense of inflation in the chest and 
abdomen and a rush of air from the mouth and 
nose. Slight twinges of pain were felt by a few sub- 
jects in the upper abdominal region, possibly a 
result of stretching the attachments of the dia- 


Condensed data of exvlosxve decompression experiments on 
human beings 






V) 

o 


>, 

c 




Simulatec} 


a 

^ ~ 



'o-r 

c 

altitude 

o 

E 

o 

“o 

rt 

P. 

o « 

^§e 

Sc 

w 



■o 



o 

c £ 

S “-3 


Cabin 

Flight 

i| 

o c 

VO 

c S 

o 

V 

eA 

Us 

C 

ft* 



P 



ftS 

o 

tB. 


feet 

feet 

sec. 

PSIf 

sec. 

no. of 
times 

Tol.l 

sec. 


12 

6.55 

10,200 

35,000 

0.075 

87 

3.5 

47 

66 

12 

7.50 

8,000 

35.000 

0.090 

83 

3.9 

43 

66 

27 

1.50 

34.000 

45,000 

0.008 

143 

2.3 

2S8 


27 

1.25 

37,000 

48,000 

0.006 

167 

2.3 

383 


27 

1.00 

40,000 

50,000 

0.005 

200 

2.3 

400 

- 



70 


FEDERATION PROCEEDINGS 


phragni, during the more drastic decompressions. 
Few cases of gas pain were encountered, and roent- 
genograms to depict the amount of gas harbored 
in the gastrointestinal tract did not show any posi- 
tive correlation. Ear pain was not experienced. 

Physiology of the visual cell. S. A. Talbot. 
Wilmer Ophthalmological Inst., Johns Hopkhis 
Medical School, Baltimore, Md. Recent evidence 
from optics and neurophysiology provides a con- 
nection between the fine structure of the photo- 
receptor and nerve frequency evoked by light. 

Optical properties of lamellae, of myeloid struc- 
ture, and rhodopsin indicate that light is concen- 
trated at and excites only the alternate protein- 
lipoid interfaces. Photodecomposition is limited 
by stereochemical factors, supporting INIoon and 
Spencer’s kinetics. Quarter- wave interference in 
lipoid layers causes a strong exponential decrease 
' of intensity with cell length. Moreover, the extra- 
ordinary refractiveness of oriented carotene pres- 
ent, increases the index of protein layers with 
dark-adaption. These factors, not absorption, 
explain quantitatively the logarithmic response 
law (Hecht), and changing ranges of response to 
flashes (Granit). A separate non-excitatory sur- 
face- and volume-photolysis governs levels of 
random discharge (peripheral threshold). 

Electronic depolarization by one photon of ex- 
citatory light at the proximal interface of one lipoid 
layer, just exceeds Brownian fluctuation. This 
depolarization must be amplified in each lamella, 
probably by acetylcholine (Hecht 's reactant L), 
to operate physiologically. The resulting drop of 
resistance connects in series the pile of distal in- 
terface potentials, which then actuate the propa- 
gative nerve-membrane via an extracellular cir- 
cuit. This summated differential voltage controls 
frequency of discharge, as demonstrated by Bar- 
ron and Matthews in spinal cord. 

Principles of Lippmann photography explain 
the lengths and efficiency of rods and cones, but 
must be supplemented by separate pigments to 
account for saturation in color vision. At least three 
pigments are required, though bipolar connections 
and cone-structurc permit one to be rhodopsin. 
[The support of the Marklc Foundation is graiefrdly 
acknowledge.] 

A multiple casette changer for studying colon 
activity. A. B. Taylor (by invitation), Justin 
Hoekstr.\ (by invitation) and F. R. Stbggebda. 
Dept, of Physiology, Unir. of Illinois, Vrhana. 
A multiple casette changer, equipped to handle 
fourteen c.ascttes, has been developed to facilitate 
the study of the functioning of the dog’s colon 
previously visualized with thorium dioxide. Fre- 
quency of contraction, rate of propulsion, and 
colon size under atmospheric conditions as well as 
various negative pressures in a decompression 
chamber liave been studied. Dogs were usually- 


starved for twenty four hours prior to experimenta- 
tion and were anesthetized with nembutal. Colon 
areas were measured by means of a planimcter. 

In the casette changer, a series of gears driven 
by a synchronous motor releases a casette contain- 
ing an unexposed film from a lead lined storage 
box at any one of the following time intervals de- 
sired ; one per second, one per two seconds, one per 
five seconds, one per ten seconds, one per fifteen 
seconds, one per thirty seconds, one per minute, 
one per two minutes, one per three minutes, one 
per four minutes, one per five minutes, and one 
per ten minutes. Each casette is moved on a motor 
driven belt to a position under the animal where it 
is exposed simultaneously with the release of the 
next casette. hlovement of the second casette 
into exposure position pushes the exposed casette 
into a second lead lined storage box. 

Exposure is controlled by means of a mechanical 
arm operated by the gear mechanism. This arm 
closes a switch connected to the x-ray machine 
simultaneously with the release of the casette 
from the first lead lined box. The mechanism al- 
lows variation in exposure time from approximately^ 
1/50 of a second to any longer interval desired. 
This apparatus also offers an opportunity for 
studying the functioning of various other visu- 
alized organs of the body. 

Heat tolerance for short exposures. Craig L. 
Taylor (introduced by A. P. Gagge). Aero Med - , 
ical Laby., Wright Field, Dayton, 0. The limits 
of temperature and humidity "which are tolerable 
for short periods of exposure liave been determined, 
for sitting men dressed in light-weight cotton 
underwear and coveralls. Experiments were^ con- 
ducted in an all-weather room permitting control 
of dry and wet bulb temperatures within ± 2° C- 
Average skin temperature, from thermocouples - 
located at six points on the skin surface, rectal 
temperature and heart rate were determined 
before entering the hot room and periodically- 
during exposure. Sweat loss rvas calculated from 
the nude body”^ and clothing weights taken before 
and after exposure. 

In the first series four subjects previously accli- 
matized by four days of work in the heat were given. 

16 tests at various temperatures and humidities - 
Heart rate, skin and rectal temperature, and sweat 
loss data were averaged for each subject to 'yield 
an index of physiological response. The following: 
regression formula was then developed : 

Index = 0.0S5 (DB) ± 0.057 (VP) - 5.82 
where, DB = dry bulb temperature in degrees C. 

VP = vapor pressure of the atmosphere in 
mm. Hg. 

Values of index, which were considered to bo 
valid and safe for 30 and 60 minute exposures, 
were then selected from inspection of the data at 
hand and from results of further exploratory tests. 
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Finally, the 30 niul GO minute limits calculated 
from tlicse indices were verified by testing two 
groups of unaccliinntizcd subjects at various iroinls 
on the curves. The tolcrauce limits for unacclinia- 
tired military personnel (and terminal rectal and 
skin temperatures, and heart rates from these 
experiments) arc shown in the following talmla- 
tion ; 


Limit 


30 minutes 
00 minutes. 


The circulatory changes in man induced by 
bed rest and alterations in activity.* llENnY 
IiONGSTREET TaYLOU, AUSTIN HeNSCHEE, LESTEU 
Erickson (by invitation) and Ancee Keys. 
Lahy. of Physiological Hygiene, Univ. of Minne- 
sota, Minneapolis. Six normal young men were 
kept in strict bod rest for three weeks. The bod 
rest was preceded by a month of standardized 
activity and diet and was followed by 6 to 10 weeks 
of reconditioning. Bed rest produced important 
■changes in several cardiovascular variables. The 
resting pulse rate (in bed) increased 10 (a.m.) and 
18 (p.m.) beats per minute. The systolic heart 
-volume decreased 91.4 ml. (16.2%). The walking 
pulse rate (3.5 m/h and 10% grade) increased 40 
beats per minute. The postural adjustment score 
decreased 64.2 Crampton points. The oxygen 
transport during a 90 second “anaerobic” run (7 
m/h and 15% grade) -was decreased by 720 ml. 
(16%) and the blood lactate 15 minutes after this 
standard work was increased by 19 mgs.%. Blood 
volume (T-1S24) was decreased by 572 ml. or 9.3%. 
Bed rest had no effect on cardiac output, renal 
blood flow (P-amino hippurate) or the efficieney of 
cither aerobic or anaerobic work. With a standard 
reconditioning regime, recovery of function was 
achieved in the following order: lactate after 
“anaerobic” work (2 weeks), work pulse and oxy- 
gen transport in “anaerobic work” (not more than 
six weeks) and postural adjustment at least two 
months. Cardiovascular deterioration appears to 
be one of, the principle elements in the debility 
produced by bed rest. 

A further study of the innervation of the pan- 
creas — the action of drugs of the atropine group. 
■J. E. Thomas and J. 0. Crider. Lahy. of Physiol- 
ogy of the Jefferson Medical College. The secretory 
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’ This work was supported in part under the terms of a con- 
tract between the regents of the University of Minnesota and the 
Office of Scientific Research and Development. Support from 
other sources will be acknowledged in final publication. 


response of the pancreas to peptone, soap, or IICl 
in tlie intestine or to intravenous secretin was 
studied in unancstiictizcd dogs before and after 
administration of atrojiine or hyoscyaminc. The 
usual dose of atropine (sulphate) was 0.2 mg. and 
of liyoscyamine (hydrochloride) was 0.1 mg. per 
kilogram. 

The specific gravity and total nitrogen (mg./cc.) 
of the pancreatic juice were decreased by the ac- 
tion of these drugs regardless of the stimulus used 
to promote secretion. When the stimulus was soap, 
llCl or secretin the volume of secretion and total 
nitrogen output were also reduced. The response 
to soap was decreased most, that to secretin least. 
When the stimulus was peptone an inerease in 
volume of secretion usually followed administra- 
tion of either drug. In two animals the increase 
was pronounced, amounting to several times the 
normal volume. The effect on total nitrogen output 
was not constant but an increase was common. 

The fact that the parasympathetic depressants 
decrease the response to secretin is surprising and 
contrary to results obtained by others in anes- 
thetized animals. Probably “tonic” cholinergic 
reflexes normally augment the response to secretin 
in unanesthetizod animals. The results with soap 
and HCl indicate that these agents stimulate the 
pancreas in part through a nervous mechanism. 
The experiments provide no basis for conclusions 
regarding the mechanism through which peptone 
stimulates the pancreas. 

The effects of the thyroid and the adrenal cor- 
tex on oxidation enzymes of rat liver. Samuel R. 
Tipton, Isabel H. Tipton (by invitation) and 
Martha Jean Leath (by invitation). Unio. of 
Alabama School of Medicine, University. A study 
of the effects of feeding dessicated thyroid gland, 
of adrenalectomy, and a combination of the two on 
the total succinic acid oxidase and the cytochrome 
oxidase activities (determined on aliquots from the 
same homogenate) was made on livers of white rats. 
Feeding 400 mgms. dessicated thyroid daily results 
in an increased acti-vity of succinic dehydrogenase 
and cytochrome oxidase; the effect on the dehy- 
drogenase being more marked. Subcutaneous in- 
jection of 0.5 mgm. of thyroxine daily resulted in 
an increase in the enzyme activities also but was 
less effective than dessicated gland. Administra- 
tion of 0.5 mgm. of thiamin daily to the thyroid-fed 
rats resulted in a further increase in the activity 
of the dehydrogenase and of the cytochrome oxi- 
dase. Four to ten days^after the adrenalectomy 
there is a decrease in activity of both enzymes, the 
cytochrome oxidase being affected more markedly. 
Feeding thyroid to adrenalectomized rats leads to 
severe hypoglycemia and is rapidly fatal. However, 
remov-al of the adrenals from rats after seven to 
twelve days of thyroid feeding appeared to prevent 
further increase in enzymatic activity, and the 
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resulting average dehydrogenase and oxidase activ- 
ities are not as high as those found in rats fed thy- 
roid for. equivalent periods. 

Cortical responses to cortical stimulation in re- 
lation to the spontaneous EEG of the rabbit. J. E. 
P. Toman (introduced by C. Penning). Depl. of 
Pharmacology and Physiology, Univ. of Utah 
School of Medicine, Salt Lake City. Insulated 
epidural electrodes were used for stimulation and 
recording in seven rpbbits. Non-con vulsive EEG 
responses to single thyratron shocks were observed 
at all levels of excitability from deep surgical anes- 
thesia to convulsive seizures. These “secondary” 
discharges were relatively independent of shock 
intensity above threshold, and were reproducible 
from a given cortical area at a given level of ex- 
citability regardless of the area stimulated. Re- 
sponses varied from 0.5 to 2.0 sec. in duration. In 
the motor cortex of normal animals awake or drows- 
ing, the responses were characterized by an initial 
surface-positive spike of 0.2 sec. latency, followed 
by a complex of waves closely resembling the spon- 
taneous “spindles” from the same animal in sleep 
or light barbiturate sedation. Test shocks revealed 
relative refractoriness up to 0.2 sec. Facilitation 
was occasionally seen at intervals from 0.2 to 0.3 
sec. Summation of subnormalitj'’ occurred with 
longer intervals and repeated shocks. Slow periodic 
waxing and waning in size and duration of responses 
were observed, with cycle lengths from 10 to 20 
sec. 

After sub-convulsive metrazol doses, the re- 
sponses resembled the spontaneous “petit mal” 
bursts from the same area, while in deep barbitu- 
rate anesthesia they reverted to single complex 
waves of long refractoriness, resembling spontane- 
ous activity at the same level. 

It is suggested that these responses represent a 
maximal temporary synchronization of mecha- 
nisms capable of contributing to cortical spon- 
taneous activity at any given level of excitability. 

Excitation constants for electroshock seizures 
in rabbits. J. E. P. Toman (introduced by C. Pen- 
ning). Dcpl. of Pharmacology and Physiology, 
Univ. of Utah School of Medicine, Salt Lake City. 
Using a standard electroshock apparatus for 60- 
cyclc stimulation, and determining the seizure 
threshold electroenceplialographically, strength- 
duration curves were obtained for five normal un- 
ancstlietized rabbits with permanently implanted 
epidural electrodes. Mean values are tabulated 
below. The data were not satisfied by the usual 
relation, ki = 2.3(log(I)— log(I— Io))/t. A better 
approximation was found by k; = Io/It(I— lo). 
For motor responses occurring only during the 
period of stimulation, the threshold remained 
practically const.ant at the convulsive rheobase 
over the entire range of durations. 

No appreciable accommodation was found to 


slowly increasing 60-cycle stimulation with dura- 
tions up to 80 minutes. With continuous stimula- 
tion by current above threshold, alternating 
seizures and depression with summation of subnor- 
mality were seen, but electronarcosis was not ob- 
served. 
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Observations on fatigue : the release from work- 
ing muscle of agents depressing acetylcholine 
synthesis and with apparent curare-like action. 
Clara Tokda and Harold G. Wolff. New 
York Hospital and the Depts. of Medicine (Neurol- 
ogy) and Psychiatry, Cornell Univ. Medical Col- 
lege, New York City. The amount of contraction of 
the gastrocnemius muscle of frog during stimula- 
tion of the sciatic nerve was investigated after 
intraventricular injection of serum obtained from 
the limb of cat with occluded circulation after: 
1) passive movements; 2) intermittent-; and 3) 
continuous electrical stimulation of the sciatic 
nerve. 

In the presence of serum from passively moved 
limbs the contraction decreased by 35%. Serum 
from limbs after intermittent stimulation did not 
modify the contraction. In the presence of serum 
from limbs after continuous stimulation the con- 
traction decreased by 20%. 

It is therefore likely that during performance of 
muscle work substances are released into the blood 
that decrease the muscle contraction induced by 
indirect stimulation. The effect of these substances 
was less apparent when the stimulation of the 
muscle originated through the motor nerve (propa- 
gation of excitatory state from the nerve, release 
of acetylcholine-like substance). 

Since it is likely that during performance of 
prolonged muscle work an acetylcholine-like sub-, 
stance is synthesized locally, the effect of serum 
obtained after prolonged work on acetylcholine 
synthesis was also investigated. 

In the presence of serum from arms rvith oc- 
cluded cirulation after repeated fist formation 40% 
less acetylcholine was synthesized than in the 
presence of control serum. 

Assuming that the biochemical changes respon- 
sible for these results occur also with adequato 
blood supply, muscle fatigue would be partly a. 
result of the decreased acetylcholine synthesis at 
the motor end plate, and perhaps also of a decreased 
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response of muscle cell to the ncetyl-cIiolinc-Hkc 
substance released. 

A study of the work capacity of collcRc women. 
lY. \V. TirrTi.r.. Dcpl. of Physioloffn, State Univ. 
of loica, lou'a City. By use of a bicycle ergomoter 
the work capacity of MG college women in various 
fields of activity, was studied. The group included 
C2 student nurses, 24 who particijiatcd in regular 
physical activity, and CO picked at nrndom. The 
procedure was to have each subject ride tlic bi- 
cycle ns fast as possible for two minutes. The load 
employed was 3 amperes of field current which 
resulted in a work output of 1300 Kgm. at CO pedal 
cycles per minute. 

The ivta show that those participating in regu- 
lar physical activity excel in all phases of work 
measured. As compared to the unselcctcd group, 
they performed 20 per cent more work, attained a 
IG per cent higher maximum work rate and main- 
tained a 12 per cent higher fatigue level. The data 
also show that the student nurse group is signifi- 
cantly less capable of doing work than the random 
sampling group. As compared to the unselected 
group, they performed 11 per cent less work and 
maintained a 12 per cent lower fatigue level. They 
were, however, able to equal the maximum work 
rate of the unselected group. 

It is evident from the data that those who par- 
ticipated in a regular program of physical activity 
excelled in dynamic , physical fitness while those 
who pursue courses which are crowded both aca- 
demically and professionally suffer from a lack of 
systematic physical training. 

The effect of iodoacetate and malonate on the 
respiration of various regions of the brain. David 
B. Tyler. California Inst, of Technology, Pasa- 
dena. It is now well known that the resting respira- 
tion of the different regions of the brain varies in 
intensity'. Recent work of Gerard (Amer. J. 
Physiol. 13G, 49, 1942) indicates that the magni- 
tude of this respiration depends on the whole pro- 
toplasmic mass of the area. He demonstrated that 
the oxygen uptake of tissue bits from various re- 
gions of the frog’s Brain was the same when related 
to the total protoplasmic mass. We have found that 
the respiration of the various regions of the brain 
is affected differently by two inhibitors. By means 
of Warburg respiromters, it was noticed that 
iodoacetate (10~‘M) depressed the respiration of 
medullary tissue the most, while the palium and 
stem were | to J as sensitive. With malonate (10“’ 
M), the reverse effect was observed. With this 
inhibitor the palium was most sensitive, while the 
respiration of the medulla was least affected. 
Studies that are under way at this time are de- 
signed to determine whether this phenomena is 
related to the proportion of white matter present 
in the various regions, or whether they are due to 


cellular metabolic differences of the various re- 
gions. 

The effect of anoxic anoxia on water distribu- 
tion in the body. Edwaud J. Van Libre and John 
Joseph L.iwless (by invitation). Dcpl. of Physi- 
ology nnd Anatomy, School of Medicine, IVest Vir- 
ginia Unit'., Morgantown. Three groups of albino 
rats under carefully' controlled conditions were 
subjected in a low pressure chamber for 3i hours 
to the following barometric pressures: Group A, 
5C4 mm. llg; group B, 379 mm. Hg; group C, 24G 
mm. Hg, corresponding, approximately, to alti- 
tudes of 8,000, 18,000 and 28,000 feet, respectively. 
Simultaneously, control groups were kept in con- 
tainers which were placed along side of the low 
pressure chamber. 

The water content of the following organs were 
determined: cerebrum, kidney, liver, muscle, skin 
and adrenal glands. The water content was deter- 
mined by drying the tissues in an oven at 105° F. 
until two successive weighings varied by 0.5 mgm. 
or less. 

At each elevation all of the animals lost a sig- 
nificant amount of weight as compared to the 
control animals. 

With reference to the tissues studies the follow- 
ing results were obtained: At a barometric pres- 
sure of 564 mm. Hg no appreciable change in water 
content was observed in any of the tissues ; at 379 
mm. Hg both muscle and skin tissue showed a 
significant decrease in water content; at 246 mm. 
Hg the skin still showed a significant decrease in 
water content, but the muscles did not. The 
adrenal glans, however, showed a significant 
increase in water content at 246 mm. Hg pressure. 

Treatment of experimental renal hypertension 
with hog renal extract fractions. G. E. Wakerlin, 
Ohv-erK.vmm (by invitation) and Wayne Donald- 
son (by invitation). Dept, of Physiology, Univ. 
of Illinois College of Medicine, Chicago, and 
Research Lahys., Parke, Davis & Company, Detroit, 
Mich. In order to throw further light on the mecha- 
nism of the anti-hypertensive potency of hog renal 
extracts previously reported (Am. Ht. J., 25: 
1, 1943and J. Pharm. & Exper. Ther.,81: 101, 1944) 
and to effect a possible concentration and puri- 
fication of the active principle, we gave daily intra- 
muscular injections of four hydroalcoholic fractions 
of partially purified hog renal extract containing 
renin in a dose of 5 Gm. equivalent of fresh renal 
cortex per Kg. for six months. None of the eight 
hypertensive dogs treated (two for each fraction) 
showed any significant change in blood pressure. 
The dogs receiving the two fractions retaining 
the larger amounts of original renin activity (100 
and 20 per cent respectively) showed antirenin in 
their serums whereas the other dogs did not. 
Each of the four fractions produced significant 
local inflammatory' effects. 
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Somewhat similar results were obtained with 
three hydroacetone fractions. 

We subjected partially purified hog renal extract 
containing renin to dialysis, the concentrated 
dialysate containing none of the renin activity 
and the dialysis residue retaining 25 per cent. 
The hypertensive dogs treated with the dialysate 
in a 10 Gm. equivalent dose for six months showed 
no significant change in blood pressure and no 
antirenin. The two dogs similarly treated with the 
dialysis residue, on the other hand, showed a 
reduction to the normotensive level in one case and 
to a near normotensive level in the other, with 
antirenin demonstrable in their serums. 

We are now studying the possible antihyperten- 
sive potency of four other hog renal extract frac- 
tions. [This work was aided by grants from the 
John and Mary R. Markle Foundation, Parke, 
Davis and Company and the Graduate School 
Research Fund of the University of Rlinois.] 

Relation of amount of renal tissue to antihyper- 
tensive effect of renal extracts in experimental 
renal hypertension. G. E. Wakeklin, Olivek 
Kamm (by invitation) and Wayne Donaldson 
( by invitation). Dept, of Physiology, Univ. of 
Illinois College of Medicine, Chicago, and Re- 
search Labys., Parke, Davis & Company, Detroit, 
Mich. Recent observations suggest that renal 
hypertensive dogs with two renal artery con- 
stricted kidneys are more difficult to influence 
therapeutically with renal extracts than hyper- 
tensive dogs subjected to unilateral renal artery 
constriction and subsequent nephrectomy. Thus 
two dogs showing a good to excellent therapeutic 
effect with highly purified hog renin intramuscu- 
larly in a 3 Gm. equivalent dose of crude renal 
cortex (30 Goldblatt units of renin) per Kg. daily 
for six months, were one kidney animals, whereas 
three animals showing only a fair decrease in blood 
pressure with the same dose of highly purified hog 
renin were two kidney dogs. LikcAvise six dogs 
treated with partially purified hog renal extract 
containing renin and showing an e.xcellcnt response 
were, with one possible exception, one kidney ani- 
mals, whereas two dogs treated with partially 
purified hog renal extract containing renin, and 
showing only fair responses, Avere tAA-o kidney hy- 
pertensive dogs. These findings further suggest 
that the pathogenesis and mechanism of experi- 
mental renal hypertension involve some t 3 "pe of 
pressor or hj’pertensive effect bj- kidnej's AA-ith 
constricted renal arteries rather than a decrease in 
normal renal antipressor or antihypertensive activ- 
ity recenth- suggested bj' Grollman and his co- 
AA’orkers. [This work was aided by grants from the 
John and Mary R. Markle Foundation, Parke, 
Davis tC- Company and the Graduate School Re- 
search Fund of the University of Illinois.] 

Treatment of e.vperimenlal renal hypertension 


with hog renal extracts. G. E. Wakeklin, Oliver 
Kamm (by invitation) and Wayne Donaldson 
( by invitation). Dept, of Physiology, Univ. of 
Illinois College of Medicine, Chicago, and Re- 
search Labys., Parke, Davis & Company, De- 
troit, Mich. In a further study of the mechanism 
of the antihypertensive potency of hog renal ex- 
tracts previously reported (Am. Ht. J., 25:1, 
1943 and J. Pharm. & Exper, Ther., 81:101, 1944) 
we treated two hypertensive dogs each for six 
months daily and intramuscularly AA-ith partially 
purified hog renal extract containing renin in a 
2 Gm. equivalent dose of fresh renal cortex (20 
Goldblatt units of renin) per Kg., AA-ith heat- 
treated partially purified hog renin in a 2 Gm. 
dose, and Avith hog renal medulla extract pre- 
pared after the manner of partially purified renin 
in a 2 Gm. dose. The partially purified hog renal 
e.xtract containing renin shoAA-ed usual (100 per 
cent) renin activity, the heat-treated hog renin, 
5 per cent ; and the renal medulla extract (because 
of admixture with renal cortex), 20 per cent. To 
our surprise the 2 Gm. dose of partially purified 
hog renal extract containing renin produced onlj’’ 
slight reductions in blood pressure, antirenin 
appearing in the serums of both animals. One of the 
tAvo dogs treated AA-ith heat-treated partially puri- 
fied hog renin showed a moderate reduction in 
blood pressure Av-hereas the other shoAA-ed no 
change. Neither of these dogs shoAA-ed antirenin. 
The tAA-o dogs treated with renal medulla extract 
shoAved no significant change in blood pressure. 
Antirenin developed in their serums in titre equal 
to that of the Iaa-o dogs shoAA-ing the slight antihy- 
pertensive effect from partially purified hog 
renal extract containing renin and equal to that of 
two dogs showing an excellent antihypertensive 
effect from a dialysis residue of partially purified 
hog renal extract containing renin. 

We are now studying the possible antihyperten- 
sive potency of partially purified beef and sheep 
renal extracts containing renin. [This work loas 
aided by grants from the John and Mary R. Markle 
Foundation, Parke, Davis & Company and the 
Graduate School Research Fund of the University 
of Illinois.] 

The influence of certain antispasmodics on 
postprandial intestinal activity. K. G. Wakim. 
School of Medicine, Indiana Univ. Bloomington 
and Indianapolis. The antispasmodic action of 
certain drugs led to their clinical usefulness in 
visceral and/or vascular spasms. Since their effec- 
tiveness is due to depression of smooth muscle 
tonus it is appropriate to investigate their effects 
on postprandial intestinal activity. 

Trained dogs, with a previously prepared skin- 
cOA'cred intestinal loop, normally continuous Avith 
the rest of the gastrointestinal tract and AA-ith cir- 
culation and nerve supply intact, AA'crc used in 
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this study. With the dog lying quietly, a control 
tracing of intestinal motility w.as recorded kymo- 
graphically by the use of an air-tight tambour 
system after wliich the animal was given the usual 
meal and the recording of intestinal activity was 
continued for one iiour. At tiio end of the hour the 
drug to be studied was administered and its effects 
on postprandial intestinal activity were recorded. 
With the exception of amyl nitrite, which was given 
by inhalation, all the other drugs used in this 
study were administered intravenously. 

Amyl nitrite, aminophylline, octin hydro- 
chloride, and trascntinc inhibited intestinal 
activity and led to complete disaiipcarancc of peris- 
talsis and rhythmical segmentation. The duration 
of the effect varied with the individual drugs ad- 
ministered. Demerol led to an immediate increase 
of intestinal activity for a period of about 5 min- 
utes accompanied bj' defecation and then was 
followed bj' a period of complete cessation of in- 
testinal activity lasting for a minimum of thirty 
minutes in every animal. Papar’erinc hj'drochloride 
had practically no effect on intestinal activity. 

This study indicates that the postprandial use 
of these antispasraodics, with the exception of 
papaverine, may delay intestinal activity. 

The reversal and crystallization of a fibrous 
modification of insulin. DA^^D F. W.t.UGn. Dept, 
of Biology and Biological Engineering, Mass. Inst. 
Tech., Cambridge. Crystalline insulin molecules 
may be united into fibrils having diameters of 
hundreds and lengths of thousands of Angstrom 
units (If'augh. Jour. Ainer. Chem. Soc. 66 : 663, 
1944). Evidence from filtration and attempted 
crystallization of suspensions of fibrils indicates 
that over 99 per cent of insulin present in a 2% 
solution may be converted into the fibrous form. 
Upon dilution with acid or distilled water, per- 
sistent flow double refraction replaces the initial 
static double refraction. In alkali (ca. 0.02 N), 
however, flow double refraction and viscosity de- 
crease with time, indicating a disaggregation. 

Crystallization of disaggregated material was 
accomplished as follows : 20 mg. of fibrous insulin 
was treated with 0.025 N NaOH at 0° for 18 hours. 
The isoelectric precipitate obtained by neutraliza- 
tion ;was crystallized according to Romans, Scott, 
and Fisher (Ind. Eng. Chem. 32: 908, 1940). After 
72 hrs. the crystals were found to have the same 
general cuboidal shape, density (between 1.31 and 
1.325) and solubility in acid as native insulin. 
Analysis revealed 8 to 10 mgm. crystals, a recovery 
•of 40% to 50%. Since the alkali treatment did not 
disaggregate all of the fibrils this amount is ex- 
pected to represent a high proportion of the mate- 
rial actually reversed. 

Apparently any molecular changes which ac- 
company fiber formation are either insufficient to 
affect ]the crystallizing properties of the molecule 


or the changes are rcucrsible. During disaggregation 
(he molecules revert to a form wliich crystallizes 
in the same way as native insulin. 

Relation of the blood volume reduction to the 
mortality rates in experimental traumatic and 
hemorrhagic shock.* S. C. Wang, R. R. Ovehman 
(b)' invitation), W. S. Root and M. I. Ghegersen. 
Dept, of Physiology, College of Physicians and 
Surgeons, Columbia Univ. In order to determine 
whether or not the loss of blood could be the sole 
cause of death in traumatized dogs, our series of 
traumatic shock experiments was analyzed and the 
mortality rate compared with that of dogs suffering 
from simple Iiemorrhage. In the hemorrhage 
erics, as in the traumatic shock experiments, a 
surgical anesthesia of 15 minutes duration was in- 
duced with ether, and a definite amount of blood 
was removed from the femoral artery. The blood 
volume of the animals was determined by the T- 
1824 dye method. 

With a comparable residual blood volume after 
the insult the mortality rate in trauma is several 
times as high as that jn simple hemorrhage. Trau- 
matized animals rarely survived with a residual 
blood volume less than 68 cc. per kilogram body 
weight. On the -other hand, most dogs survived a 
simple hemorrhage with a residual volume of only 
58 cc. per kilogram body weight. When the data 
were analyzed statistically in the moving groups of 
5 dogs, the residual blood volume at L.H. (lethal 
hemorrhage at 50 per cent mortality) in the simple 
hemorrhage series is 57 cc. per kilogram, while 
that in the muscle trauma is 71 cc. per Idlogram. 
This difference in L.H. 50 values in the two series 
is statistically significant. 

These observations provide a clear answer to a 
question of long standing, namely, whether or not 
the reduction in blood volume following muscle 
trauma is sufficient by itself to cause death. The 
evidence shows that additional factors (nervous?) 
are involved. 

The recovery of skeletal muscle from the effects 
of partial denervation. W. H. Wehbmachee (by 
invitation) and H. M. Hines. Dept, of Physiology, 
State Univ. of Iowa, Iowa City. Partial denerva- 
tion of the rat’s gastrocnemius muscle was accom- 
plished by section of the fourth or fifth lumbar 
nerve or both. At designated times thereafter, 
determinations were made of muscle weight and 
isometric tension responses to direct and to tibial 
nerve stimulations. The muscle and nerve of the 
contralateral limb were employed as controls. In 
some experiments these controls were unoperated; 
while in others, lesions comparable to those in the 
e.vperimental member were made 4 days before 


* This work was done under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific 
Research and Development and Columbia University. 
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testing. The table lists the results in relation to 
the unoperated controls. 



Section response in percent 
of unoperated control 

4 days post- 
operative 

14 days post- 
operative 

Li Section 

67 

■ SO 

Li Section 

30 

SO 

Li -1- Lj Section 

« i 

11 


The greater strength response to nerve stimula- 
tion after the longer period of denervation was 
confirmed by direct comparison of the two sides of 
single animals which had a 4-day denervation on 
the one side and a 14-day denervation on the con- 
tralateral. Findings comparable to these in the rat 
were observed following section of Lr in the cat. 
The relative improvement in the tension response 
of partially denervated muscle to nerve stimula- 
tion is not due to recovery from trauma and shock, 
regeneration of severed axones, or weakness in- 
duced in the control muscle,. Hypertrophy of the 
non-denervated muscle fibers and extension or 
unmasking of peripheral neuromuscular terminals 
are considered to be possible factors in the recov- 
ery. 

Cardiovascular effects of a plasma substitute 
("H.E.S. solution”) in experimental hemorrhagic 
hypotension.' Grace E. Wertenbeegeb and 
Roberta Haekesbring. Dept, of Physiology, 
Woman's Medical College of Pennsylvania, Phila- 
delphia, The cardiovascular effects of intravenous 
injections of a hemoglobin solution (“H.E.S.”) 
were studied in barbitalized dogs subjected to a 
posthemorrhagic hypotension period of 50 mm. Hg. 
for 30 minutes. 

In 4 acute experiments, carotid pressure was 
held at 50 mm. Hg by initial rapid bleeding 
(average 5.3 cc./Kg./min.) and slow regulated 
bleedings. Total volume bled averaged 30 cc./Kg. 
and replacement averaged 85.5%. Injection rate 
was 2-3 cc./min. Electrocardiograms (Lead 2) 
were taken and hematocrit and hemoglobin de- 
terminations made at intervals. In 12 chronic ex- 
periments this procedure was repeated except that 
carotid pressures were not recorded. 

In the acute experiments, mean arterial pres- 
sure was restored and satisfactorily maintained 
throughout the postinfusion period (3 hours). 
No secondary fall occurred. No electrocardio- 
graphic changes were noted except those character- 
istic of massive hemorrhage. These disappeared 
after infiision, though in some animals a second 
acceleration of rate appeared near the end of the 
observation period. Marked hemodilution occurred 

• .Aided by a (vant from tlie Foundation for Clinical and 
SurRical Research. Hcraoglobin-Elcctrolyte-Stroma (H.E.S.) 
Solution suyiilicd by Dr. John O. Boner of the Found.ation. 


during infusion and while a good degree of reten- 
tion was evidenced a slight rise in the later hemato- 
crit readings showed some trend toward hemo- 
concentration. 

The chronic experiments gave similar results. 
All animals recovered and were in excellent con- 
dition when sacrificed at various intervals (1-22 
days) for tissue studies. 

Though irreversible shock did not develop in 
this short hypotension period, evidences of shock 
(subcutaneous petechiae, bloody intestinal fluid, 
etc.) appeared in seven animals. 

Under these experimental conditions, the 
hemoglobin solution (“H.E.S. ”) proved an ade- 
quate plasma substitute effecting satisfactory 
hemodjmamic recovery. 

The effect of inhalation of 100% oxygen on car- 
diac output in man. W. V. Whitehorn (by invita- 
tion), A. Edelm.ann (by invitation), and F. A. 
Hitchcock. Dept, of Physiology, Ohio State Univ., 
Columbus., The cardiac outputs of normal men 
breathing 100% oxygen (Linde, U.S.P.) were esti- 
mated by means of the ballistocardiograph. Sub- 
jects were in the basal state in most cases, and in 
no case had food been ingested within 4 hours of 
the e.xperiment. Records were obtained after a 15 
minute control period of air breathing, and then at 
15 minute intervals during the inhalation of 100% 
oxygen for periods up to 90 minutes. Control ex- 
periments in which air was bi’eathed for the entire 
period were carried out. 

Results indicate a diminished cardiac minute 
volume during oxygen inhalation. This decrease 
averages 12% of the control value after 15 minutes 
of o.xygen breathing, and persists at about this 
level as long as oxygen is breathed. The decrease is 
statistically significant. 

The decline in cardiac output is the result of the 
diminution in heart rate commonly seen during 
oxygen inhalation and also to a reduction in stroke 
volume. The relative importance of these two 
factors has not j'^et been established. 

Further studj’’ of this response and its causes 
promises to provide valuable information with 
regard to the effects of 100% oxygen inhalation on 
circulation and its control. 

The effects of pulmonary overventilation and 
undervcntilation on brain potential. G. C. Wick- 
wire and Ruth Krouse (introduced by W. E. 
Burge). Dept, of Physiology, Univ. of Illinois, 
Urbana. Overventilation was produced by vigor- 
ous, rapid and deep breathing for a minimum of 3 
minutes. Mild tetany frequently resulted. Under- 
ventilation was brought about by inhibiting respir- 
ation to the maximum of voluntary effort. 

When one platinum electrode was placed on the 
forehead and another on the forearm with a gal- 
vanometer in the circuit, the beam of light de- 
flected an average of S divisions to the left of the 
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zero line in 22 tests with C subjects, thus showing 
the forehead to bo positive to the forearm. Each 
scale division represents 0.025 microamperes. 
Overvontilation brought about an increased de- 
flection of the beam of light to an average of 19 
divisions to the left. Undervcntilation caused the 
light to deflect an average of 3 divisions to the 
right of zero. Readings taken by means of an elec- 
tronic ohmmetcr showed no variation in resistance 
with cither overvontilation or undervcntilation. 

We have found that the sc,alp of lightly etherized 
dogs was jwsitivc when the underlying cortex w.as 
negative and that the positive potential of the 
scalp fluctuated with the negative iiotential of 
the brain cortex. Hence the increase in the positive 
potential of the forehead with ovcrventilation in- 
dicated an increase of negative potential of the 
brain cortex. Similarly the decrease in positive 
potential of the forehead during undervcntilation 
indicated a decrease in negative potential of the 
brain cortex. 

Plasma chloride and bicarbonate after adminis- 
tered potassium. Waweh S. WinuE and Fhedeu- 
ICK P. Fergcson (by invitation). Depi- of Physi- 
ology, School of Medicine, Louisia7ta State Univ., 
New Orleans IS. According to Boyle and Con- 
way an increase in extracellular potassium carries 
chloride and bicarbonate as the potassium salt 
from the extracellular fluid into muscle fiber 
water. Since the extracellular is the smaller 
volume, transfer of the anions yields mathema- 
tically larger, more directly determinable concen- 
tration changes in extracellular than in intracellu- 
lar water (Y'ilde, Bull. Math. Biophysics 6; 105). 

Nephrectomized dogs under amytal received 
intraperitoneally 500 mM ICNOs, 2.5 m Eq./kg. 
Whether after 2 or 4 hours’ equilibration, the 
plasma Cl fell only 3.17 mM as the K rose 6.03 
mM with insignificant correlation, ±0.465. The 
bicarbonate fell relatively more than Cl, probably 
in relation to the accumulating metabolic acids of 
nephrectomy. However in the first 2 hours the 
HCOs fell so much as to suggest a special relation 
to the potassium injection. The measured loss of 
Cl from blood corpuscles, resulting from the 
Hamburger interplay between injected nitrate and 
lost bicarbonate, reduced the change in plasma Cl 
no more than 0.19 mil. 

If the Cl lost from the estimated extracellular 
volume entered cell water as the potassium salt, 
this water amounted to onlj' 17% of the body 
weight. Muscle fiber water represents 30%; the 
“apparent volume of distribution” of injected K 
included estimated cell water equal to 23% of the 
body weight. Instead of following Boyle and 
Conway concepts the chloride may have dif- 
fused into and been diluted by water attracted by 
the hypertonic KNOj in the peritoneal cavity and 
elsewhere. Plasma sodium fell even more (5.9 MM). 


The effect of sleeplessness on brain potential. 
Maubb WjLUAMs(by invitation) and W. E. Buhoe. 
iromoa’s College, Univ, of North Carolina, Green- 
boro, and Univ. of Illinois, Urbana. When one 
platinum electrode was placed on the forehead, and 
another on the forearm with a poticntioractor in 
the circuit the forehead was found to bo positive 
to the forearm with an average positive potential 
of 62 millivolts in 23 subjects. Remaining awake 
for 40 consecutive hours had no appreciable effect 
on the scalp potential while one or two hours of 
sound sleep immediately following the 40-hour 
sleepless period decreased the positi%’'o potential 
of the scalp to the zero level and caused in some 
instances a reversal in polarity. 

We have found in etherized dogs that the scalp 
was positive and the underlying brain cortex nega- 
tive, and that the positive potential of the scalp 
fluctuated in a 1 to 8 ratio with the negative poten- 
tial of the brain cortex; so scalp potential may be 
used ns an index to brain potential. Hence, the high 
positive potential of the scalp maintained during 
the 40-hour period of sleeplessness indicated a high 
negative potential of the underlying brain cortex, 
and the decrease to the zero level of the positive 
potential of the scalp during sound sleep imme- 
diately following the sleepless period indicated a 
fall during sleep in the negative potential of the 
brain cortex. 

Water drinking by dehydrated men in desert 
environments. J. H. Wills. Depts. of Physiology 
and of Biochemistry and Pharmacology, School of 
Medicine and Dentistry, Univ. of Rochester, Roches- 
ter, N. Y. The rates of drinking after rapid dehy- 
dration have been recorded during 23 tests on 11 
men in the laboratory hot room and during 88 tests 
on 27 men in the desert. Such information is im- 
portant in estimating the time required by dehy- 
drated individuals to recovery their usual contents 
of body water. 

At the termination of dehydration in either the 
laboratory or the desert, men drink rapidly for the 
first 15 or 20 minutes . During this time they replace 
their total loss of water, if it is not greater than 
about 2 per cent of the initial body weight. It is 
possible that at higher levels of dehydration the 
factor preventing rapid satisfaction of the body’s 
lack of w^ter is the capacity of the stomach. 

After the first 15 or 20 minutes of drinking, water 
ingestion proceeds more slowly than at first. 
Within 2 hours of the completion of desert marches, 
however, men who had walked without water re- 
duced their deficits of body weight to about those 
of men who had water ad libitum during the 
marches (29 paired tests). Residual deficits are 
made up with meals. 

Pilocarpine increased markedly the salivmry flow 
of dehydrated men, but did not decrease drinking 
after dehydration. Aminophyllin, benzedrine and 
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caffeine also had insignificant effects on the amount 
of water taken during rehydration. 

Cool water is the most preferred of all drinks for 
rehj'^dration. Warm water, salted water (0.1 per 
■cent NaCl) and flavored drinks were considered less 
palatable. {Work done under contract with the 
Office of Scientific Research and Development. 
Field Studies were made possible by various tinits 
of the U. S. Army.) 

The bulbar olive in the cat. W. G. WinsoN (by 
invitation) and H. W. Magoun. Dept, of Anatomy, 
Northwestern Univ. Medical School, Chicago. Cats 
in which one or both inferior olives were removed 
through a ventral parapharyngeal approach were 
■observed into the chronic state. Terminally the 
midbrain tegmentum or bulbar reticular formation 
were electrically stimulated or the animal was 
anemically decerebrated. 

Following loss of one olive (with inevitable par- 
tial retrograde degeneration of the other), the ani- 
mals exhibited some body sway on standing, 
together with a hypermetria in the use of the contra- 
lateral legs most evident as a pronounced over- 
flexion in gait. When tested free, the contralateral 
legs e.xhibited an extensor hypertonus occasionally 
associated with an overactive patellar reflex. As a 
result of a combination of these symptoms, the 
animals frequently fell to the side of the lesion 
when standing or walking. With bilateral lesions, 
hypermetria and extensor hypertonus were bi- 
laterally present. 

After unilateral olivectomj' a myoclonus limited 
to the ipsilateral vocal cord occurred. 

The characteristic tegmental response to mid- 
brain stimulation was not altered by loss of one or 
both olives and therefore does not result from ex- 
citation of a midbrain-olivary pathway. Charac- 
teristic inhibitory effects from stimulating the 
bulbar reticular formation were also obtained in 
the absence of the olives. 

The absence of one or both olives did not prevent 
the development of marked decerebrate rigidity. 

Destruction and disappearance of brain stem 
neurons in guinea pigs receiving repeated con- 
cussion. W. F. WiNDLE, H. M. ScHAMP (by invita- 
tion) and R. A. Groat (by invitation). Inst, of 
Neurology, N'orthweslern Univ. Medical School, 
Chicago. Concussions were produced in guinea pigs 
weighting between 350 and 450 grams at intervals 
during a period of 3 to 7 weeks. Criterion of con- 
cussion was disappearance of the wink or canthus 
reflex and production of a respiratory pause. Light 
chlorolosane or nembutal anesthesia was used and 
the control animals received the anesthetic. 

The histopathologj' of concussion and postcon- 
cussion has been described previously (Surg. 
Gynec. & Obstet., 79 : 561, 1944). Principal altera- 
tions were found in the intcrncuron systems of the 
brain stem. Primary sensory and primarj- motor 


neurons showed little or no effects of concussion. 
Blows administered repeatedly, led to diminution 
in the number of neurons in several nuclei of inter- 
neuron systems. This reduction amounted to as 
much as 40 per cent more of the large cells in such 
nuclei as Deiter’s and the red nucleus. The large 
neurons of the pontile tegmentum were likewise 
diminished in number. Motor neurons of the facial 
nucleus were as numerous as in control animals. 
Some correlation betwen number and severity of 
blows and amount of cell destruction was apparent. 
[Work done under contract, sponsored by CMR, 
between OSRD and Northwestern Univ.] 

Oral glucose tolerance in old age. R. Wisotsky 
(by invitation), W. Corwin (by invitation) and 
S. M. Horvath. The Metropolitan State Hospital, 
Waltham, Mass, and The Fatigue Laby., Harvard 
Univ . Fourteen male patients normal in all respects 
except for their psychoses, between the ages of 60 
and 70 years and living on a standard hospital diet, 
were subjected to oral glucose tolerance tests. 
They were given 0.75 grams of glucose per kilogram 
of body weight, an average intake of fifty grams 
per individual. Two to seven tests were performed 
on each subject at intervals of two to four weeks. 

The glucose tolerance curves obtained exhibit 
wide variability not only between subjects but in 
the same subject. The following table presents the 
mean values for all the tests performed. The mean 
tolerance curves for the first and last tests on all 
individuals were also calculated but no significant 
differences were found. 

Mean blood sugar values of all glucose tolerance curves 


Time 



Fast- 

ing 

i , 

hr. 1 

hr. 


1 

hr. 

1 

hr. 1 

2 

hr. 

hr. I 

1 3 
hr. 

Mg % 

124 

ie2j 

205 

219 

221 

220 

18S 

156 

128 


A decreased tolerance for glucose in aged males 
is indicated by these findings. This hyperglycemic t 
curve is somewhat misleading since a number of 
the individual tolerance curves were definitely 
normal in character. However, both normal and 
frankly diabetic curves were observed on occasion 
in the same subject. Although the causes of these 
variations in oral glucose tolerance tests have not 
been explained fully, the inadequacy of a single 
tolerance test, especially in old age, is apparent. 

Voluntary (self protective) maneuvers which 
can be used to increase man’s tolerance to positive 
acceleration (motion picture).* E. H. Wood and 
G. A. Hallenbeck (by invitation). Acceleration 
Laby., Mayo Aero Medical Unit, Rochester, Minn. 

» Work done under contracts with; (1) United States Army Air 
Forces, Wright Field, Dayton, Ohio, and (2) tho Oflico of 
Scientific Research and Development, National Research 
Council, Washington, D. C. 
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Sy!?(olic blood pressure is a most imiiortant factor 
in determining man’s tolcmnce to sudden cxtwstirc 
to high ijositive accelerations in tlic silting position. 
Exposure to 5 grams for a duration greater than the 
sym])tom latent period of the retina or cerebrum to 
acute ischemic anoxia (3-10 seconds) usually pro- 
duces blackout or unconsciousness. At this accelera- 
tion duo to the height of the brain above the heart 
a systolic pressure of 120 mm. of mercury at heart 
level affords a systolic pressure of only 5 mm. of 
mercury at brain level and symptoms therefore 
result. 

It has been found that voluntary maneuvers pro- 
ducing a temporary hypertension and aiding venous 
return will enable many individuals to maintain 
vision at 9 g. These maneuvers utilize cither the 
pressor effect attained by coordinating muscular 
straining with a typo of forced respiration or self- 
induced pressor reflexes such as occur immediately 
after a Valsalva maneuver of ten seconds' duration. 
Blackout prevention to S grams by one such 
maneuver (hl-l) is illustrated. This maneuver is 
described to pilots as follows; “Just before the g 
comes on with all your slrcnglh pull your chin in and 
your shoulders up. Simultaneously push your belly 
against a tightly drawn safety belt as if straining at 
stool. As you do this, yell the word “Hoy” as con- 
tinuously as possible. Use up nearly all your breath 
on each “Hey”, then grab a very fast breath and 
immediately start yelling again. Keep this up as 
long as you hold the g.” 

An analysis of factors involved in the protection 
afforded man by pneumatic anti-blackout suits.r 
E. H. Wood, D. M. Clark (by invitation) and E. 
H. Lambert (by invitation). Acceleration Laby., 
Mayo Aero Medical Unit, Rochester, Minn. Estab- 
lishment of the sequence of physiologic events that 
occur in man during positive acceleration has 
allowed a quantitative and orderly approach to the 
problem of protecting the aircraft pilot against 
blackout. The problem becomes; How may this 
physiologic sequence be altered so that the period 
of progressive failure is reduced or eliminated? 
Inflatable bladder system suits have proved a 
convenient and effective means of accomplishing 
this in man. Bj' the use of suits that allowed ap- 
plication of pressure to the legs, thighs, abdomen 
and arms separately and in combination, a quanti- 
tative analysis of the factors involved in the 
protection afforded by such suits has been made. 

In general, as the pressure within the, suits was 
raised, the protection afforded increased. The most 
important single factor in the amount of protection 
obtained was the amount of pressure applied to 


“Worl: done under contracts with: (1) United States Army Air 
Forces, Wright Field, Daj-ton, Ohio and (2) the OiBcc of 
Scientific Kesearcb and Development, National Research 
Council, Washington, D. C. 


the abdomen and trunk. In general, raising this 
pre.ssure increased the protection afforded. 

Application of pressure to the lower extremities 
alone afforded a barely perceptible amount of pro- 
tection (average of 0.2 g). Pressure to the lower 
extremities, while providing little protection 
alone, was found to increase by a factor of (approxi- 
mately) two the protection afforded by application 
of pressure to the abdomen. 

The findings revealed the simplicity of the essen- 
tial requirements fora simple, effective anti-black- 
out suit. Tlicy led to the development and use of 
a simple, uniformly pressurized bladder system, 
which may bo built into any type of garment — be it 
underwear, trousers, coveralls, cutaway and so 
forth. 

Somatic sensory areas I and II of the cerebral 
cortex of the rabbit. Clinton N. Woolsf,y and 
Ginc-IIsi Wang (by invitation). Johns Hopkins 
Univ., School of Medicine, Baltimore 5, Md. The 
“second” somatic sensory area described by 
Adrian (1941) as associated with claw mechanisms 
in Felidae, but present also in dog and monkey 
(Woolsey, Fed. Proc., 1943; 1944), lias been found 
in rabbit in Rose’s cytoarohitectural area Par. B. 
In this species it has been easy to show that the 
area receives impulses not only from limbs but also 
from face. (We have found since that this is true 
also for cat and monkey.) In fact, the area in each 
hemisphere, or in one hemisphere after ablation of 
the other, is activated by tactile stimulation of all 
parts of both sides of the body. Largest potentials 
are evoked by stimulation of face, limb apices and 
tail, smaller from more proximal parts of limbs, 
smallest from trunk. Contralateral responses are 
larger than ipsilateral ones. Deepening pento- 
barbital anesthesia suppresses ipsilateral responses 
first, those from contralateral face last. In rabbit 
there is much less spatial differentiation within 
somatic II than in the cat. Response areas for face, 
arm and leg largely overlap one another with their 
respective foci of maximal response separated by 
appro.ximately 1 mm. Latencies are shorter in 
somatic area II than in somatic area I. Moreover, 
responses still occur in somatic II after removal of 
somatic I of the same hemisphere and somatic I 
and II of the opposite side. 

The “primary” somatic sensory area (somatic 
I) has been mapped in terms of peripheral cutane- 
ous areas, It is roughly coterminous with Rose’s 
areas Par. 1, S, 3, 4 and Pc. 

Influences of cortical areas upon the vestlbulo- 
ocular reflex arc. H. T. Wvcis (by invitation) and 
E. A. Spiegel. Dept, of Exper. Neurology. Temple 
Univ. School of Medicine, Philadelphia, Pa. The 
influence of various unilateral cortical lesions upon 
the ocular reactions to 10 alternate clockwise and 
counterclockwise rotations was studied in dogs and 
cats. Definite effects were found after occipital or 
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frontal lobectomy, the postrotatory nystagmus to 
the operated side distinctly predominating over 
that to the normal side for one to seven days 
(“directional preponderance”, i.e., increase in 
duration and number of jerks to the operated side 
and/or decrease to opposite side). Lesions of the 
parietal lobe or superficial temporal lobe lesions 
had only a slight, if any, effect upon the postrota- 
tory nystagmus, while deep-reaching lesions of the 
latter lobe produced a definite directional pre- 
ponderance, apparently due to injury of pathways 
connecting the area striata with the brain stem. 
After extirpation of one hemisphere, a definite 


preponderance to the operated side was observed 
during the first week after operation and a slight 
difference in favor of this side for two more weeks. 
Unilateral frontal lobectomy following bilateral 
extirpation of the areae striatae results in no or 
only slight directional preponderance. The fact 
that severance of an optic tract or destruction of 
an external geniculate body have an effect upon 
the postrotatory nystagmus similar to that of 
cortical lesions (Spiegel and Scala, These Proceed- 
ings) suggests that the cortical influence upon the 
vestibulo-ocular reflex arc is part of a mechanism 
originating in the retina. 
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The distribution of amino acids in normal adult 
male urine. Anthony A. Albanese, L. Emmett 
Holt, Jr., Jane E, Frankston (by invitation) 
and Virginia Irby (by invitation). Dept, of 
Pediatrics, Johns Hopkins Univ., Baltimore. Ex- 
perimental studies have led us to believe that 
significant information in regard to amino acid 
deficiencies and perversions of amino acid metab- 
olism in disease can be obtained from a study of 
the amino acid excretion pattern in the urine. 
In order to evaluate abnormal patterns we under- 
took to study in detail the normal amino acid ex- 
cretion pattern. 

Urine specimens (24 hour) from 30 normal adult 
males (60-100 kg.) on normal diets were analyzed 
for 12 of the known amino acids by the application 
of known methods and those developed in this 
laboratory. The daily urinary amino-N was found 
to fall between 200- and 700 mg., which corresponds 
to 2.2 to 4.5 per cent of the total N. Calculations 
based on this data and the use of 136 as the average 
amino acid molecular weight indicate that from 
1.9 to 6.7 grams of amino acids are excreted daily. 
The average distribution of the urinary amino 
acids in terms of amino acid N per cent of total 
amino N was found to be as follows ; — arginine, 2.5; 
histidine, 9.4; methionine, 8.2; cystine, 1.3; trypto- 
phane, 4.8; tyrosine, 4.7; phenylalanine, 9.4; 
valine, 12.0 ; leucine, 20.0 ; isoleucine, 0.0 ; hydroxy- 
amino acids, 0.0; undetermined amino N, 27.7. 
It is noteworthy that in no instance could iso- 
leucine or the hydroxyamino acids bo detected in 
these urines. This finding may be due in part to 


the relatively low sensitivity of the tests for these 
particular amino acids. 

Fatigue effects in absorption. James C. 
Andrews andW. E. Cornatzer (by invitation). 
Dept, of Biological Chemistry and Nutrition, 
School of Medicine, Univ. of North Carolina, 
Chapel Hill. Comparisons of the rate of absorption 
of quinine salt from isolated intestinal loops of 
dogs have shown that equal doses, left in the loops 
for the same period of time, gave satisfactorily 
constant results for percentage absorption if admin r 
istered at intervals of one or two days. However, 
if these doses are administered in rapid succession, 
the percentage absorption for the same periods of 
time drops rapidly. For these measurements 
standard doses of quinine dihydrocliloride, equiva- 
lent to 20 mg. anhydrous quinine sulfate per kilo 
body weight, were used. The dose was left in the 
loop for 30 minutes. Immediately after washing 
out the unabsorbed residue another dose of the same 
size as that previously used was inserted. This 
procedure required a period of from 6 to 15 minutes, 
usually not over 10 minutes. The percentage ab- 
sorption of the second dose averaged about 57 per 
cent of that of the first in the case of one dog and 
74 per cent in the case of another. These results 
afford confirmation of our previous findings as re- 
gards the flattening of the curves of time versus 
percentage abrotption when the results of separate 
experiments using different periods of time are 
plotted. A very definite fatigue effect is evidenced 
by both methods. [Supported by a grant from the 
Samuel S. Pels Fund.] 
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Skeletal and soft tissue disuse atrophy in the 
Tat. W. D. Aumstuono. Laby. of Applied liio- 
chcmislry, Univ, of Minnesota, Minneapolis. An 
atrophy occurs of the hones of an extremity which 
is paralyzed or imniohilizcd for a considerable t ime. 
If the disuse atrophy occuns as a result of a de- 
creased rate of bone formation rather than from an 
increased rate of bone resorption, those factors 
-which decrc.ake tlie degree of bony disuse atrophy 
might rationally be used to accelerate the rate of 
fracture healing. 

The nerves of the riglit brachial plexus were sec- 
tioned in mature male rats, and the animals were 
allowed to live 21 days following the operation. 
The weight of the skinned limbs, the dry, fat-free 
and the ash weight of the humeri were compared in 
operated animals fed an adequate diet (Group 
A— 39 animals), animals fed a calcium deficient 
diet (Group B — 32 animals), and in animals fed a 
phosphorus deficient diet (Group C — 20 animals). 
The ash content of the right humeri of Group A 
■was significantly less than that of the left humeri. 
This difference of ash content of the right and left 
humeri was increased in Groups A and B. The dry, 
Jat-free weights of the humeri of the paralyzed 
limbs were lower than those of the left humeri by 
13.42 ± 0.606, 26.05 ± 0.60S and 23.03 ± 0.746 per 
cent, respectively, for Groups A, B, and C. The 
•ash weights of tlie paralyzed humeri were lower 
than those of the left humeri by 16.29 ± 0.639, 
29.96 ± 0.636 and 25.85 ± 0.851, respectively, for 
the three groups. [This work was supported by a 
■grant from the Josiah Macy, Jr. Foundation.] 
Effects of lactose-containing diets on liver 
lipids. Camillo Artom and Wiluaii H. Fishman 
(by invitation). Dept, of Biochemistry, Bowman 
■Gray School of Medicine, Winston-Salem, N. C. 
Bats were maintained for 12 days on experimental 
diets in which lactose was substituted for sucrose 
■or for both sucrose and dextrin. The liver lipids 
were analyzed and the results compared with those 
of controls on sucrose-dextrin containing diets. 
As expected, the control groups exhibited fatty 
' infiltration and low lecithin levels in the liver. 
However, in the liver of rats on lactose substituted 
diets, much smaller amounts of neutral fat were 
found and also the lecithin levels usually were not 
as low as in the controls. The same results have 
been obtained with both low (10 per cent) and 
high (30 per cent) fat lactose-containing diets. 
Aloreover, the effectiveness of choline supple- 
mentation in reducing the fat infiltration and in 
raising the lecithin level in the liver appears greater 
in animals maintained on lactose-containing diets. 

Experiments have also been completed in which 
sulfasuccidine was added to lactose containing 
diets. In other experiments, various mono- and di- 
saccharides have been substituted for carbohydrate 


of the diet. [Aided by a grant from the John and 
Mary R. Marklc Foundation.] 

A study of the relative toxicity of I- and d(-serine 
in rats. Camii.i.o Autom, Wiluam H. Fishman 
(by invitation) and R. P. Morehbad (by invita- 
tion). Dept, of Biochemistry and Pathology, 
Bowman Gray School of Medicine, Winston-Salem, 
N. C. It has been previously shown that tlie ad- 
ministr.ation by stomach tube of df-scrine (100 mg. 
daily) to rats on an experimental diet causes clini- 
cal symptoms (anorexia, loss in weight, al- 
buminuria), loading to frequent deaths (often 
associated witli signs of peripheral circulatory 
failure). Tlie most characteristic patliological find- 
ing is the presence of severe necrotizing lesions 
in the renal tubules. 

In the present study these experiments have 
been repeated on a small number of rats, employing 
the natural amino acid f-scrine in place of the 
racemic mixture. 

The administration of the amino acid was not 
accompanied by the clinical symptoms which had 
been observed with the dl mixture. Most striking 
was the complete absence of renal lesions. 

It appears therefore that the unnatural d isomer 
is chiefly responsible for the injurious action of the 
racemic mixture. [Aided by a grant from the John 
and Mary R. Marhle Foundation.] 

Pathological changes produced by a toxic com- 
ponent in microcystis aeruginosa. C.T. Ashworth 
(by invitation) and M. F. Mason. Dept, of Pa- 
thology and Experimental Medicine, Southwestern 
Medical College and Parkland Hospital, Dallas. 
The pathological changes produced in rats following 
intraperitoneal administration of maximum sub- 
lethal doses of extract prepared from microcystis 
aeruginosa include a generalized cell damage with 
particularly severe injury of parenchymal liver 
cells. Cloudy swelling of the latter is observed as 
early as fifteen minutes after injection and this is 
followed by hydropic degeneration, fatty degenera- 
tion, and acute necrosis of the center of the lobules 
within three to four hours. The sinusoids at the 
center are markedly engorged with red blood cells, 
and the liver appears large, red and mottled on ifs 
surface due to dilated central vein areas. The dead 
liver cells disintegrate by autolysis, liberating 
cytoplasm into the circulating blood, and are re- 
moved within twenty-four to forty-eight hours. 
After forty-eight to seventy-two hours the liver 
is reduced in size, is yellow, and exhibits extreme 
fatty degeneration, collapse of liver lobules. The 
changes resemble in many respects those found in 
acute yellow atrophy. Regeneration is evident 
within three to five days and there is complete 
restoration of the lobule within thirty days. Hy- 
peremia, acute parenchymatous and hydropic 
degeneration, fatty degeneration, and focal necrosis 
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are observed in the kidneys and to a lesser extent 
in the heart. Edema and hemorrhage occasionally 
occur in the lungs. Studies of effects of intermittent 
and chronic administration are in progress. 

The electrophoretic mobility of human serum 
albumin as affected by lower fatty acid salts. 
G. A. Ballou (by invitation) P. D. Boyer and 
J. Murray Luck. De-pt. of Chemistry, Stanford 
ijniv. The purpose of this investigation was to 
study the possibility of association between serum 
albumin and simple non-polar anions. An hypothe- 
sis to this effect had been advanced by us to explain 
the effect of non-polar anions in increasing the 
thermal stability of human serum albumin.' 

Solutions of human serum albumin, 0.5 percent, 
were equilibrated by dialysis against solutions of 
phosphate buffer (0.025 M total phosphate), fatty 
acid salt (up to 0.1 M, and enough sodium chloride 
to give a final ionic strength of 0.2. The pH in all 
cases was 7.7. The fatty acid salts studied w'ere 
sodium butyrate, caproate, heptoate, and capry- 
late. The albumin mobility in the control sample 
was 5.2 X 10“^ cm./sec/volt/cm. 

Only in concentrations in excess of .08 M and 
.03 M, respectively, did butyrate and caproate 
increase the mobility of the albumin. In lower con- 
centrations the mobility decreased. With both 
heptoate and caprylate the mobility of the albumin 
rose. The curve of mobility increase with caprylate 
passed through an inflection and rose sharply 
to attain a new maximum (6.6 to 6.8 X 10“' 
cm/sec/volt/cm) with increase of caprylate con- 
centration. 

These results signify electrostatic association 
of the non-polar anion, R. COO“, with positively 
charged groups in the albumin molecule, increasing 
its net negative charge. This effect is dependent 
upon the specific affinity of the non-polar anion 
with the protein, and is greatest with caprylate. 
Experiments to explain the initial drop in mobility 
observed with butyrate and caproate are projected. 

Effect of thiouracil on the adrenal cortex, 
medulla and on the spleen. Emil J. Baumann and 
David Marine. Montefiore Hospital, New Fork. 
In addition to its effect on the thyroid, continued 
feeding of thiouracil brings about changes in many 
other organs. Among the more striking depar- 
tures from normality arc; 

(1) Involution of the adrenal cortex which in- 
volves all three zones. There is extreme congestion 
that often results in hemorrhage in the reticular 
zone from which cysts may arise. 

(2) There is a progressive increase in the size 
of the adrenal medulla that may amount to 50 per 
cent or more ; because of the cortical involution, the 
medulla mass_^8hows a much greater relative in- 


G. A., Boyer, P.’'D., Buck, J. M., Lum, F. G., J. 
Biol. chem. 153: SS9, lfl«; J. Clin. Invc3li?ation 23: 454 , 1044 . 


crease. The cells take a deep chrome stain and the 
glands have a significantly higher adrenalin content 
than do normal adrenals. 

(3) The spleen shrinks to or J of its normal size. 
This shrinkage is confined largely to the pulp. 
Megakaryocytes are strikingly increased. 

Deposits of thiouracil are often found in the 
kidneys and along the urinary tract with occasional 
complications that arise from these deposits. As 
feeding is continued, adaptation to the presence 
of thiouracil develops so that calculi, instead of 
growing, become smaller and disappear. 

The change in the liver is predominantly a par- 
enchymatous degeneration. In the gonads there 
are atresia of follicles and depression of sperma- 
togenesis. 

The /3-zetosteroid excretion of normal men. 
Emil J. Baumann and Nannette Metzger (by 
invitation). Montefiore Hospital, New York. 
Nearly all of the methods used for the estimation 
of 17-ketosteroids in urine are very inaccurate and 
the analyses reported are often grossly misleading. 
The main difficulty arises from the presence of 
interfering chromogens which investigators have 
been unable to remove by chemical means. In 
large measure we have overcome this difficulty by 
purifying urinary extracts by adsorption. 

To establish standards of normality we report the 
total and j3-17-ketosteroids of 60 normal men be- 
tiveen the ages of 17 and 66. Although there is con- 
siderable variation among individuals in an age 
group, the average total 17-ketostero d excretion 
is highest during the first part of the t i ird decade, 
decreasing to 10 mg. per day or less ahter 30 years 
of age and to less than 6 mg. per day affter 50. 

The /3 fraction, which available evidgnee indi- 
cates arises from the adrenal cortex, usUjjlly makes 
up less than 0.5 mg. of the total e.xcept b tween the 
ages of 21 and 30. During this decade thee excretion 
of ^-17-ketosteroids rises, reaching a maximum of 
4 or 5 mg. per day at 25-6, and in these cases this 
fraction may make up as much as 25 per cent of the 
total 17-ketosteroid e.xcretion. 

Among the subjects were 4 men who had healed 
gastric ulcers which had given no trouble for several 
years. All had low excretions for their ages and the 
P fraction was less than 0.5 mg. per daiq although 
they were between 25 and 28 years old. 

Observations upon the formation, storage and 
excretion of creatine and creatinine in the rat in 
relation to phosphate and carbohydrate metab- 
olism. Howard H. Beard and Philip Pizzol.\to 
(by invitation). Dept, of Biochemistry, Louisiana 
Stale Univ. and the Charily Hospital, New Orleans. 
Creatine-creatinine formation, storage and excre- 
tion in the rat have been studied from the stand- 
point of glucose and phosphate metabolism. The 
rat maintains his normal creatinine content of the 
muscles ivhen fed on 5 as compared to 20 per cent 
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protein checkers (Purina Mills, Si. Louis). Under 
tiicsc conditions no increase in creatine formation 
occurred when 100 ing. each of argininc-glj'cine- 
nicthioninc ; urca-glycinc-mel hinnine ; creatinine ; 
or glycocyamine-incthioninc were injected in dif- 
ferent studies. Due to .a lack of available phosphate 
the increased creatine that was evidently formed 
vas rapidly excreted into the urine. On the other 
hand the injection of either 50 mg. of calcium gly- 
cerophosphate or 300 mg. of glucose with each of 
the above supplements caused an increased forma- 
iion and retention of creatine in the muscles. 

It was concluded that the formation, storage and 
■excretion of creatine, and to a lesser extent of 
creatinine, depend largely uix)n the amount of 
available phosphate in the tissues to hold creatine 
there as creatine phosphate. Those results arc in 
accord with our modern conception of the coupling 
of oxidations and phosphorylations in the body. 

Further studies of the relation between 
creatine-creatinine metabolism and several body 
measurements. HowAnn H. Beabd and Philip 
P izzoLATO (by invitation). Dept, of Biochemistry, 
Lovisiana State Univ. and Charity Hospital, New 
■Orleans. One hundred and forty-five rats varying 
in body weight from 50 to 400 gm. were divided into 
7 groups in 50 gm. intervals. The actual body, 
muscle and skeletal weights were determined in 
•each animal together with the per cent muscle 
creatine and the total creatine content of the 
mucles and the creatinine excretion. The correla- 
tion coefficient, r, between the different variables 
in the small groups was compared to the same 
values of r when the whole group of 145 rats was 
studied. Results were as follows ; 

On the average, 44 per cent of the body weight 
is present as muscle tissue, 8.6 per cent as skeleton, 
0.2 per cent as total muscle creatine and the cre- 
atinine excretion was 11.35 mg. daily. The values 
of r between the different variables (body weight- 
muscle weight, body weight-total muscle creatine, 
muscle weight-skeleton) in the small groups were 
in most cases small and misleading, but the correla- 
tion between these same variables in the large 
groups was very significant, r = 0.72 to 0.96. The 
correlation between body weight and creatinine 
excretion taken from 39 studies from the literature 
was —0.54 ± 0.07, showing that the larger the 
number of subjects the smaller the value of r, 
and the smaller the number of subjects the larger 
the value of r. No correlation was observed between 
the creatinine excretion of the rats and body 
weight, muscle weight, total muscle creatine, or per 
cent muscle creatine. 

Further studies on the metabolic utilization of 
homocystine in the absence of known die- 
tary methyl donors. Mary Adelia Bennett. 
Lankenau Hospital Research Inst., Philadelphia. 
Rats from this Institute have repeatedly grown on 


the above diet with actual synthesis of methionine 
(Growth 8; 59 , 89, 1944). These animals, pre- 
oxpcrimcntally on an excellent diet, received eight 
B vitamins which, in addition to those from intes- 
tinal bacterial .sources, enabled them to grow 
steadily for at least twenty days. Then reversible 
drops occurred accompanied by symptoms sug- 
gesting pantothenic acid deficiency. A “folic acid” 
concentrate (Williams, potency 5000) was fed to 
relieve these symptoms (cf. Wright and Welch, 
Science 97 : 426, 1943). Negative results show that 
it is not the critical factor. 

The addition of 2 per cent succinyl sulfathiazole 
to the homocystine diet, plus ei^ht B vitamins, 
stopped the growth of these rats in approximately 
four weeks. Addition then to the eight B vitamins 
of (a) an extra 5 gamma biotin and 60 gamma of the 
“folic acid” concentrate, caused no resumption of 
growth (cf. Welch and Wright, J. Nutr. 25: 555, 
1943), nor did (b) substitution of 50 mg. of Ryzamin 
B for the “folic acid” concentrate. However, re- 
placement of homocystine by methionine resulted 
in growth which, on withdrawal of Ryzamin, 
stopped, with a decline in food consumption to 
zero. When (c) 100 mg. of Liver Extract Lilly was 
fed, in place of the B vitamins, to four rats from 
different litters, practically identical growtlis re- 
sulted, increasing to approximately 2 grams daily 
when the eight B vitamins were added to the ex- 
tract. The methionine and choline contents of 
the extract do not account for the apparent 
methyiation. 

Carotene utilization by the guinea pig. Liluan 
S. Bentley (by invitation) and Agnes Fay 
Morgan. Laby. of Home Economics, Univ. of 
California, Berkeley. A semi-purified vitamin 
A-free diet was devised which was satisfactory for 
production of vitamin A deficiency in guinea pigs 
in 3 to 4 weeks. Xerophthalmia, weight loss and 
early death occurred in these animals. Addition of 
beta-carotene or vitamin A to the diet cured the 
condition and permitted normal growth. Vitamin 
A, which was stored in the liver only, except for 
traces in the kidneys, was found in the liver in 
significant amounts only when massive doses, at 
least 2 mg. per kg. per day of beta-carotene were fed 
for 5 weeks. This is 16 times the amount reported 
necessary for other mammals. Liver storage oc- 
curred, however, on about 200 I.U. vitamin A per 
kg. per day. Depletion followed by vitamin feeding 
and a second depletion indicated that all reserves 
were exhausted in about 31 days when 10,000 I.U. 
of vitamin A had been fed, but in 21 days when an 
equivalent amount of carotene had been given. 
Another series of young guinea pigs fed fresh grass 
ad lib. were found to have 0.6 mg. vitamin A per 
liver but nearly all of this was lost in 15 to 30 days 
on the vitamin A deficient diet. Reproduction was 
more successful when vitamin A rather than oaro- 
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tene was provided, abortions were fewer, survival 
of mothers and litters and liver storage of vitamin 
A were greater in the former case. [Aided by a grant 
from Swift and Co.] 

Synthesis of cholesterol by liver slices. Konbad 
Bloch, Ernest Borek (by invitation) and D. 
Rittenberg. Dept, of Biochemistry, Columbia 
Univ., New York. The synthesis of cholesterol in 
intact animals involves condensation of molecules 
of small size. Deuterium is incorporated into 
cholesterol when either rats or mice are given DjO 
or isotopic acetic acid. (Jour. Biol. Chem. 121; 235 
(1937); 145: 625 (1942).) We have now demon- 
strated the synthesis of cholesterol by surviving 
liver slices. 

Liver slices from young rats were incubated in 
a Krebs-Phosphate buffer to which either isotopic 
acetate or DaO had been added. After incubation 
for three hours cholesterol was isolated and found 
to contain high concentrations of deuterium. Syn- 
thesis of cholesterol took place aerobically only; 
it was within wide limits independent of acetate 
concentration. The cholesterol contains heavy car- 
bon when acetic acid labelled with is used. It 
is estimated that cholesterol is synthesized by 
liver in vitro at a rate similar to that in vivo. These 
results establish the liver as one of the sites of 
cholesterol synthesis. 

Smaller but significant concentrations of isotope 
were found in the fatty acids isolated from the 
same experiments. Again, negative results were 
obtained under anaerobic conditions. 

Further observations on the trypsin retarding 
fractions of navy and other beans. Donald E. 
Bowman. Dept, of Biochemistry and Pharmacology, 
Indiana Univ. School of Medicine, Indianapolis. 
The alcohol insoluble, trypsin retarding fraction 
which can be obtained from aqueous extracts of 
navy beans following isoelectric precipitation of 
the bean proteins can be further concentrated by 
precipitating remaining proteins with trichlor- 
acetic acid. The active material present in the 
fraction which can be reprecipitated with alcohol 
from such ffltrates is relatively stable in subse- 
quent aqueous solution. 

Trypsin retarding properties also characterize 
simple aqueous extracts of Georgia velvet beans 
and white Chinese velvet beans. Both the alcohol 
and acetone precipitates of such extracts exhibit 
some antitryptic properties. Although a large part 
of the antitryptic activity originally present in 
aqueous extracts of soj"^ beans is lost by alcoholic 
precipitation such extracts contain a trypsin re- 
tarding fraction which can bo repeatedly ropre- 
cipitated with alcohol. 

As one of the first steps in an investigation of 
the influence which these fractions might have 
upon the manifestations of trypsin shockor parallel 
.states simultaneous injection with intravenously 


administered trypsin has been followed. The fall 
in blood pressure which is caused by commercial 
trypsin was not prevented by the navy and soy 
bean preparations thus far employed and under the 
conditions which prevailed. 

The navy bean preparations show a definite 
tendency to retard the destruction of erythrocytes 
by trypsin in vitro when enough of the latter is 
used to establish a moderate rate of hemolysis. 
With larger amounts of trypsin the influence is less 
apparent. Additional observations deal with the 
influence on trypsin toxicity, and bacterial proteol- 
ysis and other properties. 

lodination of aniline and thiouracil in vitro. 
Donald E. Bowman. Dept, of Biochemistry and 
Pharmacology, Indiana Univ. School of Medicine, 
Indianapolis. A study of substances, other than 
those of a phenolic nature, which might be capable 
of utilizing iodine in vitro at increased rates at 
moderately elevated temperatures and in the pres- 
ence of sufficient relative amounts of a salt such as 
a phosphate buffer, has shown that aniline and 
thiouracil can be included in this group. 

Very decided increases in the reaction rates of 
dilute solutions of aniline or related substances are 
apparent in the presence of sufficient relative 
amounts of phosphate at body temperature. Such 
properties are shared by p-aminobenzoic acid and 
related substances such as sulfaguanidine and sul- 
fanilamide when the latter are used in somewhat 
larger amounts relative to the iodine. Within limits, 
the degree of such increases in reaction rates vary 
directly with relative increases in phosphate con- 
centrations. Citrate has a similar influence. 

Increases in pH levels, maintained on the acid 
side of neutrality in the present study, favors the 
reaction rate. 

In comparison with tyrosine or aniline, thiouracil 
shows less dependence upon salt concentration, 
temperature and pH, reacting with iodine more 
rapidly'in certain instances than does either tyro- 
sine or aniline. Moderate reductions in temperature 
below that of the body retards the iodination of 
tyrosine more than that of thiouracil. 

The relation between these observations and the 
physiological characteristics of these substances 
bears further investigation. 

The effect of sodium citrate on the absorption, 
excretion and toxicity of sulfathiazole. Jean Bur- 
rell, Jack R. Leonards and Alfred H. Free 
(introduced by Victor C. Myers). Dept- of Bio- 
chemistry, School of Medicine, Western Reserve 
Univ., Cleveland. The administration of alkali 
along with the sulfonamide drugs often has been 
advocated and employed as a measure of preventing 
crystallization of the drug in the kidneys. The pres- 
ent study was undertaken to determine whether 
the physiological alkali, sodium citrate, had any 
other effects on the metabolism of sulfathiazole. 
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The cUrftIc aiul suUfvih5a7,olc were administered 
together in the form of a standard cffcrvcsrcnt 
tablet which yielded 0.5 gram of srdfathiar.olc and 
2.0 gm. of sodium citrate. These proportions were 
adhered to in all of the experiments. 

The rate of absorption in rats was determined 
directly by sacrificing the animals one liour after 
the or.al administration of the aulfathiazolc and 
analyzing for the unabsorbed sidtathiazolc remain- 
ing in the gastrointestinal tract. The rate of intes- 
tinal absorption was found to bo 10.5 mg. per 100 
gm. of body weight per hour. The simultaneous 
administration of sodium citrate had no appreciable 
effect on the rate of absorption of sulfathiazolc. 

The blood level of sulfathiazolc was determined 
at regular intervals following the oral aiiministra- 
tion of the drug to dogs and to normal human sub- 
jects. Experiments carried out a week later on the 
same subjects indicated that the blood levels and 
rate of urinary excretion of sulfathiazolc were simi- 
lar if the drug was given alone or together with 
sodium citrate. 

Preliminary studies indicate that largo doses of 
sulfathiazolc (1 gm./kg./day for SO days) or sulfn- 
thiazole-citrate mixtures had no demonstrable 
toxic effects in r.ats. 

Vitamin Bt (pyridoxine) and granulocytopoiesis. 
Max M. C.antor and John \V. Scott (introduced 
by G. Hunter). Depts. of Biochcmislnj and Medi- 
cine, Unit’, of Alberta, Edmonton. Vitamin Bj 
(Pyridoxine) was administered to normal adults 
and to patients with leucopcnia and, or granulo- 
cytopenia. Some of these were eases of agranulo- 
cytic angina which developed following the 
administration of sulfathiazolc or thiouracil. The 
blood changes in others were those commonly found 
in infectious mononucleosus, lupus erythematosus 
and aleukemic leukemia. Apart from a transient 
rise in the level of monocytes in the blood, there 
was no change in the blood picture of normal adults. 
Patients with toxic granulocytopenia showed a 
rapid and sustained elevation in the white cell 
count and a marked increase in granulocytes. The 
patients with infectious mononucleosus responded 
in the same way as normal persons. The response 
in lupus erythematosus and in aleukemic leukemia 
was similar to that found in toxic granulocytopenia. 
It is concluded that pyridoxine is the factor in- 
volved in the “maturation" of the polymorpho- 
nuclear leucocyte and specifically stimulates granu- 
locytopoiesis. 

The excretion of pyrimidine and thiamine by 
man in different nutritional states. W. 0. Caster 
(by invitation), H. Condiff (by invitation), Oi-af 
Mickelsen and Ancbe Keys. Laby. of Physio- 
logical Hygiene, Univ. of Minnesota, Minneapolis. 
Three groups of young men were’ maintained for 
6.5 months on identical diets, but adjusted with 
pills to constant total thiamine intakes of 0.6, 1.0 


and 1.8 mg. per day, respectively. At various times 
the subjects consumed diets high in carbohydrate, 
protein and fat, and underwent a 3-duy fast accom- 
panied by hard work. 

The urinary excretion of pyrimidines in tennsof 
2-mclhyl-5-ethoxymothy!-0-nmino pyrimidine (es- 
timated by a modified fermentation method) waa 
found to be qualitatively similar to that of thi- 
amine. After a few weeks the thiamine excretions 
tended to stabilize at zero, at 0.025 and at 0.200 mg. 
daily for the respective 3 groups. The correspond- 
ing pyrimidine excretions were 0.100, 0.160 and 

O. 2G0 mg. daily. The excretion of both thiamine and 
pyrimidine decreased markedly in starvation, in- 
creased during the high fat diet, and showed no 
change during the higli protein or high carbohy- 
drate diets. 

After 6.5 months the thiamine intake of all the 
subjects was reduced to zero. Within a few days the 
thiamine excretion was zero for all subjects. The 
pyrimidine excretion throughout this period de- 
creased continually, but even after 4 weeks when 
marked symptoms of acute thiamine deficiency 
were present, there were easily measurable 
amounts of pyrimidine in the urine. At the end of 
this regimen, the pyrimidine excretions increased 
more rapidly than the thiamine excretions. [TAi's 
work was supported in pari under the terms of a con- 
tract between the Regents of the Univ. of Minnesota 
and the Office of Scientific Research and Develop- 
ment. Support from other sources will be acknowl- 
edged in final publication.] 

A growth factor for Lactobacillus gayonl. Ver- 
non H. CiiBEDBUN, Thomas Riggs and Herbert 

P. Sarett (introduced by Robert R. Williams). 
Dept, of Chemistry, Oregon State College, Corvallis. 
In contrast to all species of lactic acid bacteria 
studied thus far, Lactobacillus gayoni 8289 fails 
to grow or produce acid on a medium containing 
glucose, salts, hydrolyzed casein, charcoal treated 
peptone, Lloyd’s reagent treated yeast, cystine, 
tryptophane, adenine, guanine, uracil and all 
known B vitamins. Good growth and acid produc- 
tion can be obtained by addition of peptone or yeast 
and liver extracts. 

The growth promoting activity of these sub- 
stances cannot be replaced by various amino acids, 
purines, pyrimidines, nucleic acid (or its hydro- 
lytic products), folic acid (Williams), L. casei 
factor (Stokstad), glutathione or coenzymo I. The 
behavior of the growth principle toward various 
reagents is different in one or more respects from 
that of the tomato eluato factor and vitamins Bo, 
Bjo and B,! . 

The L. gayoni factor is liberated most effectively 
from fresh liver by enzymatic digestion. It is stable 
to mild acid hydrolysis, but is destroyed more 
rapidly by alkali. It is adsorbed by charcoal or 
Lloyd’s reagent from acid solutions, is precipitated . 
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by several heavy metal ions and by high concentra- 
tions of organic solvents. '■ 

Experiments are in progress on concentration and 
further characterization of this factor. 

Dietary factors and control of glycosuria in 
experimental pancreatic diabetes. Walter E. 
CiszBWSKi (by invitation), James C. Mathies (by 
invitation) and 0. H. Gabbler. Dept, of Laborato- 
ries, Henry Ford Hospital, Detroit. In experiments 
on 3 depancreatized dogs, extending over a period 
of 18 months, the authors attempted to determine 
whether water soluble vitamins affect the insulin 
requirement. A diet of casein, cracker meal, corn 
oil, calcium phosphate, salt mixture, and haliver 
oil was used. The food intake was constant, for 
experiments were terminated if anorexia de- 
veloped. To provide pancreatic enzymes and lipo- 
caic, 15 gm. of pancreatin was fed daily. The diet 
was completed by addition of yeast, and the mini- 
mal dose of insulin required to control glycosuria 
was determined. Effects of withdrawing yeast from 
the diet and replacing it, or substituting various 
combinations of thiamine, riboflavin, nicotinic 
acid, pyridoxine, pantothen.ate, and inositol, were 
then studied by observing the nitrogen balance, 
glucose excretion, blood sugar curve after meals, 
blood fat, and urine ketones. 

In a considerable number of experiments, but 
not invariably, progressive glucosuria began about 
15 days after withdrawal of yeast. Ultimately 50 to 
70 gm. of glucose were' excreted daily. These 
amounts about equalled the starch content of the 
diet. In those experiments in which dietary defi- 
ciencj’’ caused losses of weight and nitrogen, the 
additional catabolism of protein was a negligible 
source of glucose. The glycosuria disappeared in 6 
ays if yeast feeding was resumed, or if all the pure 
itamins mentioned above were fed. It could also 
e controlled by increasing the insulin dose. Its 
appearance was delayed, but not always prevented, 
when adequate amounts of thiamine, riboflavin, 
and nicotinic acid were given. 

Effect of vitamin E and tryptophane-deficient 
diets on storage of vitamin A by rats. S. W. Clau- 
sen, A. B. McCoord (bj"^ invitation) and B. L. 
Goff (by invitation). Dept, of Pediatrics, Univ. 
of Rochester School of Medicine, Rochester, N. Y. 
One hundred and twenty rats, 3-4 weeks old, re- 
ceived a diet free of tryptophane and vitamin A. 
Sixty rats received the same diet with tryptophane. 
All had received the same amount of vitamin A 
before the experiments began. One half in each 
group were given 0.5 mg. mixed tocopherols in 2 
drops of olive oil each day, and the remainder 2 
drops of olive oil each day. 

The rats which received the diet with trypto- 
phane grew well (sacrificed after 42 daj's) . The male 
rats which had been given vitamin E grew more 
rapidly than their controls which had received no 


vitamin E while the reverse was true for the female 
rats. 

The mean amount of vitamin A in the livers of 
these male rats which had received vitamin E was 
302 Evelyn Units and of the female rats 381 E. U., 
while for the rats which received no vitamin E, the 
values wore 244 and 314 respectively. One Evelyn 
Unit equals about 3.8 International Units of vita- 
min A. 

The mean time of survival of the male rats given 
the trj'ptophane-free diet and vitamin E was 45.4 
days, and of the female rats, 54.0 days, while the 
values for the groups which did not receive vitamin 
E were 45.2 and 54.3 respectively. The mean 
amount of vitamin A in the livers of these male rats 
given vitamin E was 116 E. U., and of the female 
rats, 130 E. U., while the values for the male and 
female rats not given vitamin E were 137 and 147 
respectively. 

Antihemolytic value of the blood to lysolecithin 
in various conditions. H. B. Collier, C. B. Weld 
and K. M. Wilbur (by invitation). Depts. of Bio- 
chemistry and Physiology, Dalhousie Univ., Hali- 
fax, N. S. The antihemolytic value (AHV) of the 
blood was measured by the method of Collier and 
Wilbur (J. Lab. Clin. Med. 29: 1123, 1944). When 
fat was given by mouth to cats and dogs, and oleic 
acid to dogs, the resulting lipemia was accompanied 
by little or no change in the AHV of the plasma. 
Decrease in the opacity of lipemic plasma following 
heparin injection also left the AHV unaltered. 
Intravenous injection of emulsified oleic acid (30 
mg. per kg. in the dog) caused a slight but definite 
decrease in the AHV of cells and of plasma. 

In phenylhydrazine anemia in rabbits there was 
a marked decrease in the AHV of the erythrocytes, 
accompanying a decreased resistance to hypotonic 
hemolysis. 

In a small number of cases of secondary anemia in 
humans, the AHV of the er 3 >^throcytes was normal. 
The AHV of the whole blood was generally higher 
than normal, due to the high ratio of plasma volume 
to cell volume. 

A tracer study of iron metabolism with radio- 
active iron. I. Methods; absorption and ex- 
cretion of iron. D. Harold Copp (by invitation) 
and David M. Greenberg. Division of Biochemis- 
try, Univ. of California Medical School, Berkeley. 
The radioactive isotope of iron, Fe^s, prepared by 
deuteron bombardment of manganese, with a high 
specific activitj', was employed in a study of iron 
metabolism in the rat. To measure its weak tadia- 
tions, the iron was first electroplated, and the radi- 
ations were measured with a mica window Geiger 
counter tube. A dose of 0.05 mg. of this radioactive 
iron (with a specific activity of 0.5 to 2 microcuries 
per mg.) was administered as the neutral citrate 
to normal rats maintained on a stock diet, and to 
anemic rats which had been rendered iron deficient 
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by being renred on a diet of powdered milk. The 
animals were s.acrificcd at intervals up to four days 
and wore rondcrod blood free by u simidified 
method of vivi])erfusion. Tissues and excreta were 
wet ashed, and the total iron in each sample was 
determined colorimctrically with o-phcnanthrolinc. 

Orally administered Fo* was absorbed rapidly 
and was cfTicicntly utilized by anemic iron defi- 
cient rats, over 90 per cent appearing in the blood 
within four days. Absorption apparently took place 
from both large and small intestines. In contrast, 
the normal animals absorbed only a small part of 
the iron dose. 

When the radioactive iron was administered 
parenterally, less than two per cent was excreted in 
urine and feces in the first four days, with insig- 
nificant amounts in the bile. This limited excretion 
of iron emphasizes the importance of absorption in 
regulating the iron stores of the body. 

A tracer study of iron metabolism with radio- 
active iron. 11. Utilization and storage. D. Hahold 
Core (by invitation) and David M. GnBENBEno. 
Unii'. of California, Berkeley. The turnover of 
radioactive iron in the various tissues of the rut 
was determined following intrapcritoncal injection 
of a small dose (0.05 mg. Fe*) asncutriil citrate. 

The rate of turnover was most rapid in the bone 
marrow, half of the accumulated Fc* disappearing 
within 12 to 48 hours. This was reflected in the 
speed with which the "tagged" iron appeared in the 
hemoglobin of the blood, the rate being taken as an 
index of the bone marrow activity. Increase bone 
marrow activity was demonstrated thus in anemic 
iron deficient rats, especially when copper was also 
given ; in adult rats receiving polycythemic doses 
of cobalt; in adult animals five days following 
severe blood loss; and in young growing rats as 
compared to adults. 

The liver was found to have an important func- 
tion in iron storage, with the spleen playing only a 
minor role. A few hours after intravenous or intra- 
peritoneal injection of radioactive iron a large part 
of the dose was stored temporarily in the liver. 
Aluchof this excess liver Fe* was utilized in hemo- 
globin synthesis within the next few days. The 
amount stored in the liver was much less when the 
Fe* was injected subcutaneously or administered 
orally with slower absorption and a correspondingly 
small rise in the level of serum iron. It was also 
greatly reduced when the Fo* was being rapidly 
used for hemoglobin synthesis by bone marrow 
stimulated by cobalt treatment, blood loss, or iron 
deficiency anemia. 

Methionine determination in proteins and foods. 
Fraxk a. Csonka and Charles A. Dexton (by 
invitation). AgricvUural Research Adminislration, 
U. S. Dept, of Apn'cidture, IFas/iinpton. The use of 
the spectrophotometer in the estimation of methi- 
onine by the sodium nitroprussido reaction of 


McCarthy and Sullivan was investigated. The color- 
obtained by this reaction showed a minimum trans- 
mission nt 510 ni/i. When the reaction was carried 
out with pure methionine a stoichiometric relation- 
ship of 2 parts of nitroprussido to 1 part of methi- 
onine was demonstrated. However, wlicn glycine- 
was added or the react ion carried out with a protein 
hydrolysate this rclationship.was not valid. The ad- 
dition of glycine changed the transmission percent- 
age of the nitroprussido reagent. For example, 20 
mgs. of nitroprussidc in a blank gave 70 per cent 
transmission at 510 m^, whereas in the presence of 
10 mgs. of glycine the percentage transmission was 
8^1. In addition to this effect, the presence of glycine 
also reduced the intensity of the color formed by the 
incthioninc-nitroprussidc reaction. When 1 mg, of 
methionine and 2 mgs. of histidine wore present in 
the reacting mixture, the color produced by the 
histidine was only partially discharged by 10 mgs- 
of glycine. However, the color produced by 1 mg. 
of histidine in the presence of methionine is totally 
discharged by 10 mgs. of glycine. Therefore, the 
quantity of histidine present in the test solution 
should bo limited to 1 mg. or less. The use of mer- 
curic salts for separating amino acids from the 
humin and other materials in a protein hydrolysate 
proved successful. 

Chemical changes in dietary chloride deficiency 
in the rat. Elizabeth M. Cuthbertson (by invi- 
tation) and David M. Gbeenberg. Univ. of Cali- 
fornia Medical School, Berkeley. Rats (males) 
reared on asynthctic diet containing only 2 to 5 mg. 
of chloride per 100 gm. of food platoaued in weight 
at 130 gm., whereas the controls reached levels of 
400 gm. On paired-feeding, the controls gained 
twice as much as the deficient pair-mates, indi- 
cating inefficient utilization of food by the latter. 

Despite elosc conservation of chloride by the 
deficient animals, the chloride in the blood serum 
was reduced from 104 mM to 70 rnM per liter. Per- 
haps as a partial compensation, the carbon dioxide 
content (whole blood) was increased from 25.8 to 
32.3 mM per liter. 

Analysis showed a considerable reduction in the 
chloride content of skin, muscle, kidney, liver, 
testes, stomach, lung and brain, but there was a 
significant increase in the heart. Calculation of the 
extracellular fluid volume from serum and tissue 
chloride values or by the distribution of radioactive 
sodium showed that the chloride and sodium spaces 
were consistently increased in most of the tissues 
and in the body as a whole, of the chloride deficient 
rats. 

Chloride deficiency, because of the induced alka- 
losis, is accompanied by a twenty-fold increase in 
urinary citrate excretion; from 0.5 to 1.5 mg. 10 to 
30 mg. per rat per day. 

The deficiency produces extensi-ve kidney dam- 
age, beginning in the convoluted tubules and even- 
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tiially involving the whole nephron, which may 
then be replaced with connective tissue. The de- 
generation begins very shortly after the rats are 
put on the deficient regimen. 

Crystalline human hemoglobin and myoglobin. 
Standardization of the hemoglobins and denatura- 
tion studies. David L. Dhabkin. Dept, of Physio- 
logical Chemistry, School of Medicine, Univ. of 
Pennsylvania, Philadelphia. Parallel studies have 
been carried out upon the crystalline hemoglobins 
and myoglobins of horse, dog and man. The pig- 
ments of the human species have been crystallized 
successfully in a form suitable for crystallographic 
characterization. Human hemoglobin belongs to the 
tetragonal system (habit, bipyramidal), and the 
myoglobin is orthorhombic. 

"A procedure for standardization of the hemoglo- 
bins and myoglobins is proposed. It is based upon 
the interchangeability of the spectrophotometric 
constant at 540 mju of the cyanide derivatives of the 
ferric forms of the hemoglobins, myoglobins and 
protohemin (from which a gravimetric standard 
can be prepared). The concentration of the hemo- 
globins and myoglobins can be obtained photo- 
metrically by comparison of aliquots converted to 
cyanmethemoglobin against a standard of hemin 
dicyanide, or against a standard of cyanmethemo- 
globin, whose concentration is based upon the 
determination of N in salt free solutions prepared 
from blood corpuscles. 

• Myoglobin, as judged spectrophotometrically by 
conversion to hemochromogen, is unusually stable 
towards alkali (pH 13 to 14) in comparison with 
hemoglobin. The writer has demonstrated (Proc. 
Soc. Exper. Biol, and Med. 41: 225, 1939) that 4M 
urea accelerates 60-fold the tate of denaturation of 
lemoglobin by alkali. It is now found that 4M urea 
iroduces a remarkable increase (1000-fold) in the 
rate of alkaline denaturation of myoglobin. In the 
presence of urea the alkali resistant myoglobin, 
whose molecular weight is only'' 16,700, is as rapidly 
converted to hemochromogen as the easily dena- 
tured 66,700 unit of hemoglobin. 

The structure of the antibiotic, aspergillic acid.i 
James D. Dutcheh (by' invitation) and O. Winter- 
STEiNER. Division of Organic Chemistry, Squibb 
Inst, for Medical Research, Ne^o Brunswick, N.J. 
In a preliminary report- evidence was presented on 
the basis of which a structure (I) was proposed for 
this antibiotic agent. The present paper reports 
further observations on the chemical behavior of 
this product and other confirmatory' evidence for 
the designated structure. 

Treatment of aspergillic acid with bromine-water 
yielded 5-bromoaspcrgillic acid. The bacteriostatic 
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potency of this compound was measured by G. 
Rake and H. P. Jones of this Institute against 
Streptococcus hemolyticus C203. The freshly pre- 
pared solution showed an activity 8 to 10 times as 
great as aspergillic acid itself. This appears to be 
the first reported instance of the modification of 
the structure of a natural antibiotic agent to in- 
crease its activity substantially. 

Further confirmation of the structure of desoxy- 
aspergillic acid (II) was obtained through the fol- 
lowing reactions : 1 . With bromine in acetic acid a 
perbromidc, Ci2H2oON2-HBr'Br2, was formed. 2. 
Treatment with methyl iodide yielded a crystalline 
methiodide, C1SH23ON2I. Exhaustive methylation 
failed to cleave this ring system. These reactions 
are characteristic of pyrazine derivatives.^ 

In addition to the previously reported prepara- 
tion from isoleucine anhydride of 2,5-di-sec. butyl- 
piperazine, a reduction product of aspergillic acid, 
the synthesis of this product has been accomplished 
by an independent route via the corresponding 
pyrazine. 

The form and amount of morphine excreted in 
relation to size of dose. Anna J. Eisenman. Re- 
search Dept., U. S. Public Health Service Hospital, 
Lexington. In the preliminary experiments, in- 
creasing doses of morphine sulfate were given to 
human post-addicts and the first and second urine 
voidings were analyzed. The results indicated that, 
in general, free morphine does not appear in the 
urine before the third hour. Detectable amounts of 
bound morphine appeared during the first twenty 
minutes. 

• In the second set of experiments, four subjects 
were given 20, 30, 40 and 60 mg. of morphine sulfate 
at fortnightly intervals. Urine was collected at one 
hour, at three or five hours, and at 24 hours. Since 
the three hour specimens after the 20 and 30 mg. 
doses failed to show free morphine, the second col- 
le’ction'-'interval Tor the 40 and 60 mg. experiments 
was set at five hours. Three hour values exceeded 
the 0.5 mg. allowed for a blank but the results are 
the sum of two analy'ses neither of which exceeded 
0.5 mg. About 2 mg. of free morphine was excreted 
after five hours. For the 24 hour specimens the 
amount of free morphine bears no constant relation 
to the total amount excreted or to the dose of mor- 
phine. The ratios of total morphine to dosage vary 
inversely as the dosage, e. g., 65 per cent for 20 mg. 
vs. 43 per cent for 60 mg. This may explain why a 
60 mg. dose of morphine is not three times as effec- 
tive as a 20 mg. dose. There is a slight decrease in 
urine volume with increasing amounts of morphine. 

Anaerobic glycolysis of brain suspensions. K. 
A. C. Elliott and Mar yon Henry (by invitation). 

* Conrad, M. and K. Hock Bcr. 32: 1109, 1809. 

Treadwell, F. Ber. 14; 140S, 2261, 2881. 

Stoehr, F. J. pr. Chem. (2) 47: 463, 1893. 

Aston, J. G . J. Am. Chem. Soc. 52: 5254, 1930, 
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Inst, of the Pautsrjivania Hospital, Philailclphia. 
Dilute suspensions of rat brain, prepared in llingcr- 
bicarbonatc-Rlucosc, glycolysc at a rate eoniparable 
u'ifh that of slices and the results are much less 
variable. The ratcofRlycolysis of the tissue suspen- 
sions is increased by the presence of traces of oxy- 
gen, by centrifuging and washing with isotonic 
medium, and to some extent by previous acrobiosis. 
The rate is decreased by increasing tissue concen- 
tration, by extract from strong suspensions, by 
serum, and to some extent by spinal fluid. 

Pyruvate in 5 X 10"‘ molar concentration gives 
maximum stimulation. Stimulation by traces of 
oxygon, or by previous acrobiosis, is accounted for 
by the traces of pyruvate formed and maintained 
in the slight aerobic metabolism of glucose, the 
stimulation by washing is due to the removal of 
factors which destroy pyruvate. Inhibition by tis- 
sv\e extract is due to the presence of these factors. 
The efTcct of increased tissue concentration is 
partly duo to these factors and partly due to an- 
other inhibitor. Inhibition by scrum is not due to 
pyruvate destruction. 

Mg has little effect on plain suspensions but 
stimulates glycolysis when pyruvate is added. The 
stimulatory efTcct of washing occurs only when Mg 
is present. Lactic acid inhibits appreciably in the 
absence, but not in the presence, of added pyru- 
vate. Preliminary aerobic incubation without glu- 
cose for 20 minutes causes 85 per cent destruction of 
glycolytic activity ; if traces of oxygon arc present 
incubation without glucose has much less effect. 
[Aided bp a grant from the Committee on Therapeu- 
tic Pcsearch, Council on Pharmacy and Chdmistry, 
American Medical Association.] 

Respirations of brain suspensions at low oxygen 
tensions. K. A. C. Elliott and Makvon Henky 
(by invitation). Inst, of the Pennsylvania Hospital, 
Philadelphia. When the metabolism of tissue slices 
is studied at low oxygen tensions the results reflect 
a mixture of aerobic metabolism of superficial cells, 
anaerobic metabolism of inner layers, and inter- 
mediate conditions. It has been shown (J. Biol. 
Chem, 143: 227 1942) that brain suspensions pre- 
pared in isotonic glucose-containing medium re- 
spire about as rapidly as slices, and their respira- 
tion rate is scarcely affected by the dilution of the 
suspension. In such suspensions the particles are 
small enough to allow the assumption that all parts 
of the tissue are subjected to the same low oxygen 
tension. With sufficiently dilute suspensions, the 
rate of diffusion of oxygen from the gas phase into 
the medium does not limit the oxygen uptake. By 
using tissue concentrations as low as 4-8 mg. per 
cc., it has been found that brain suspensions respire 
at the same rate as in air or oxygen when the oxygen 
tension is reduced at least as low as 0.4 mm. Hg 
(respirometers filled with ordinary commercial 
nitrogen). As the tissue concentration is raised, or 


ns the oxygen tension is reduced by respiration, dif- 
fusion of oxygon into the medium becomes slower 
than the rate of utilization and the effeetivo O 2 
tension in the medium falls. Then respiration per 
unit weight decreases while glycolysis increases 
toward a maximum, being stimulated by the traces 
of pyruvate produced by the slight aerobic metabo- 
lism. At still higher tissue concentrations glycoly- 
sis per unit weight decreases again as a result of 
inhibition by tissue extractives. [Aided by a grant 
from the Commillcc on Therapeutic Research, Coun- 
cil on Pharmacy and Chemistry, American Medical 
Association.] 

Biochemisfry of the malarial parasite, plasmo- 
dium gallinaccum. E. A. Evans, Jn., Joseph 
Ceitiiaml (by invit.ation), John P. Speck (by 
invitation) and James W, Mouldeii (by invita- 
tion). Dept, of Biochemistry, Univ. of Chicago. The 
erythrocytic forms of P. gallinaccum afford & con- 
venient system for the study of the metabolism of 
the malnria! parasite. 

Washed suspensions of parasitized chicken eryth- 
rocytes oxidize glucose with the intermediate for- 
mation of lactic and pyruvic acids. Significant 
quantities of the glucose used by this organism 
cannot, as yet, be accounted for. 

Under anaerobic conditions, the organism quan- 
titatively converts glucose into lactic acid. By use 
of coil-free extracts, it has been demonstrated that 
the parasite splits glucose into lactic acid by means 
of a phosphorylating glycolysis similar to that of 
mammalian muscle. 

During the utilization of glucose by the plasmo- 
dium, intracellular protein (hemoglobin) is broken 
dmvn. This proteolysis is apparently coupled with 
the aerobic utilization of glucose. Cell-free extracts 
which hydrolyze hemoglobin have been obtained 
from P. gallinaceum. 

The oxidation of lactic and pyruvic acids by 
erythrocytc-frec parasite suspensions is catalyzed 
by small amounts of fumaric acid and is inhibited 
by malonic acid. It is probable that the oxidation of 
pyruvic acid by the parasite follows a mechanism 
similar to the tricarboxylic acid cycle of carbo- 
hydrate oxidation in mammalian muscle. 

The effect of atabrine and quinine on the en- 
zymes of the systems discussed above has been 
studied. 0.001 M quinine inhibits the over-all 
process of lactate formation from glucose as well 
as the enzymes hexokinase and lactic dehydro- 
genase. However, it seems improbable that suffi- 
cient concentrations of quinine to cause these 
effects arc ever obtained in vivo. With “physio- 
logical" concentrations of quinine, the principal 
effect seems to be upon pyruvate oxidation. [Work 
done under contract viilh the Office of Scientific Re- 
search and Development.] 

Effect of methylxanthines on the hypocoagula- 
bility produced by chloroform liver damage in 
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dogs. John B. Field (by invitation), L. Graf 
(by invitation), A. Sveinbjornsson (by invita- 
tion) and Karl Paul Link. Dept, of Biochemistry, 
Univ. of Wisconsin, Madison. In previous studies 
it was indicated that the oral administration of 
mcthylxanthines (caffeine, theobromine and theo- 
phylline) induces in various species elevated levels 
of plasma prothrombin (J. Biol. Chem. 156: 725, 
1944) and fibrinogen (J. Biol. Chem., in prepara- 
tion). The hepatotoxic action of chloroform is 
known to result in a hypocoagulability of the blood 
due to a prothrombin and fibrinogen deficiency. 

Measured quantities of chloroform were given to 
dogs by means of a stomach tube. In repeated trials 
with the same dogs, this technique gave a repro- 
ducible reduction in the prothrombin and fibrino- 
gen levels. When caffeine, theobromine, theophyl- 
line and adenine were given orally, two days prior 
to the administration of chloroform, with the chlo- 
roform, and two days after the chloroform feeding, 
a reduction from the pre-test prothrombin and 
fibrinogen level did not occur. The following com- 
pounds provided a partial protection against the 
chloroform induced hypocoagulable manifesta- 
tions; creatine, creatinine, guanidine, and uracil. 
Little or no protection was afforded by xanthine, 
guanine, uric acid, arginine, allantoin, urea and 
vitamin K. 

Following the test administration of chloroform, 
icterus was frequently observed in the plasma, and 
the capacity of the liver to remove the bromsul- 
phalein test dye from the blood stream was con- 
siderably reduced. These indications of hepatic 
dysfunction were not prevented by the supple- 
mentary feeding of methylxanthincs even when 
the mcthylxanthines prevented a hypoprothrom- 
bincmia or depression in the plasma level of 
fibrinogen. 

Hypercoagulability and hepatic dysfunction in- 
duced by compounds of mercury, arsenic, anti- 
mony and bismuth. John A. Field (by invitation), 
Earl G. Larsen (by invitation) and Karl Paul 
Link. Dept, of Biochemistry Univ. of Wisconsin, 
Madison. Intramuscular injection of organic or in- 
organic compounds of mercury, arsenic, antimony 
or bismuth readily induced increased levels of 
plasma prothrombin and fibrinogen in dogs and 
rabbits. The extent of the response, and its dura- 
tion, was proportional to the dose given. When the 
test compound was administered orally or intra- 
venously' less uniform results were obtained. 

An exhaustive study’ was made of the effects pro- 
duced by the mercurial drug, salyrgan. The hyper- 
coagulability induced by’ salyrgan could not be 
attributed to heinoconcentration resulting from 
diuresis. When 1110 drug was injected daily over a 
7-day test period, hyperprothrombinemia and in- 
creased plasma fibrinogen levels were maintained. 
In dogs, salyrgan counteracted the hypoprothrom- 


biuemic effects of the anticoagulant, 3,3'methyl- 
cnebis (4-hydroxycoumarin) . 

The intramuscular administration of a small dose 
. (0.1-1 mg. per kg.) of antimony and potassium 
tartrate produced a state of hypercoagulability. 
Somewhat larger doses (1-10 mg. per kg.) gave a 
transitory’ period of detectable liver damage and 
hypoprothrombinemia, followed by a prolonged 
period during which plasma prothrombin and fi- 
brinogen were markedly increased above normal. 
Large doses (15-30 mg. per kg.) of the drug gave 
evidence of frank liver damage ; failure to retain the 
bromsulphalein test dye, icterus, hypoprothrom- 
binemia, fibrinogen deficiency, and finally death. 

It is not entirely possible to attribute the experi- 
mental changes to a specific hepatocentric effect 
following the intramuscular administration of the 
drugs tested. The possibility of tissue damage 
interfering in those tests wherein the drug was 
administered by the oral and intravenous routes 
cannot be discounted. In some tests, where no tis- 
sue damage could be discerned, characteristic 
hypercoagulable changes were obtained. 

Liver lecithin as related to the choline and fat 
content of the diet. William H. Fishman (by 
invitation) and Camillo Abtom. Dept, of Bio- 
chemistry, Bowman Gray School of Medicine, 
Winston-Salem. Two to three months old rats were 
maintained for 19 day’s on experimental diets con- 
taining casein 10 per cent, minerals 4, cod liver oil 
5, ruffex 2, B vitamins, and variable amounts of 
“Crisco” (5 to 35 per cent) and carbohydrates 
(sucrose, dextrin 1:1) (74 to 44 per cent). In the 
liver of all these animals the neutral fats increased 
and the lecithin level was below normal. 

When the diets were supplemented, after seven 
days, with choline, the fatty infiltration was re- 
versed in every case, as expected. In animals on low 
fat diets, the lecithin level was only slightly’ af- 
fected by choline supplementation: this is in 
agreement with our previous results. On the other 
hand, when the proportion of total fat in the diet 
was raised above 20 per cent, the effects of choline 
supplementation on the liver lecithins became 
marked and values as high as in the livers of normal 
animals were found. 

It seems, therefore, that in the conditions of 
these experiments, the level of lecithins in the 
liver is dependent on the dietary supply’ of both 
choline and fat. [Aided by a grant from the John 
and Mary R. Markle Foundation.'] 

Phospholipid turnover in plasma and liver of 
rats studied with P“-. Eunice V. Flock and Jessie 
L. Bollman. Division of Experimental Medicine, 
The Mayo Foundation, Rochester, Minn. Sodium 
diphosphate containing was injected intra- 
venously’ in rats which had been fasted for 24 
hours. Me.asuremcnts of concentration and radio- 
activity of the inorganic phosphate and phospho- 
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lipid ot both plasma and liver were made after 
intervalsof time varying from onc-iialf to six hours. 
Penetration of llio labeled inorganie phosphate 
into the liver occurred very rapidly. The specific 
.activity of the inorganic pliosphatc of the liver was 
75 per cent of that of the plasma after one-half 
hour, and did not decrease as rapidly as did the 
specific activity ot the plasma so that it was con- 
siderably higher than the plasma from the first 
to the sixth hour. 

Incoriwration of the labeled inorganic phosphate 
in the liver phospholipids began promptly and 
continued to increase during the period studied. 
From the ratio of the specific activities of these two 
substances, it can be calculated that the average 
percentage of newly synthesized phospholipid in 
the liver after one-half, one, two, four and six 
hours was 0.3, 1, 6, 30 and SO respectively. 

A small amount of labeled phospholipid was 
found in the plasma after two hours. After four 
hours the specific activity of the phospholipid in 
the plasma was similar to that in the liver, which 
indicates that a complete replacement ot plasma 
phospholipid by liver phospholipid has then oc- 
curred. It is apparent that such replacement would 
require the release of only a small percentage of 
the total liver phospholipids since the average con- 
centration of phospholipid P was 3.6 mg. per 100 
ml. in plasma, and 136 mg. per 100 g. in liver. 

Serum diastase in rats with alloxan diabetes. 
.^LniED H. Free (by invitation), Elikor M. 
Zorn (by invitation) and Victor C. Myers. 
Dept, of Biochemistry, School of Medicine, Western 
Reserve Univ., Cleveland. Blood or serum diastase 
(amylase) has been studied in human diabetes 
mellitus during the past 30 years but no unanimity 
of opinion exists concerning the relationship of 
changes of the enzyme concentration in this disease. 
This may in part be explainable because of the 
various types of diabetes and by the extent of 
treatment of the patients under consideration. 
Results of studies in pancreatectomized animals 
with experimental diabetes are subject to criticism 
since removal of the pancreas involves removal of 
acinar tissue (amylase producing) as well as re- 
moval of islet tissue (insulin producing). 

The present report describes studies of serum 
diastase (amylase) in adult albino rats with ex- 
perimental diabetes produced by the intraperi- 
toneal injection of alloxan in amounts of 200 mg. 
per kg. body weight. Control studies of serum 
diastase were made along with studies of the en- 
zyme concentration at intervals following the 
injection of the alloxan. In general there appears 
to be a temporary increase in serum diastase which 
is seen approximately 6 hours after the injection of 
alloxan. Following this the enzyme concentration 
returns to normal or subnormal concentrations at 
48 hours at which time the blood sugar is markedly 


elevated. The significance of these results will bp 
discussed. 

Effect of nucleates on methylene blue dccolori- 
zntion by tissue extracts. Jesse P. Greenstein 
and IIaroed W. Chat.keey. National Cancer Inst., 
National Insl. of Health, Bclhcsda. Aqueous tissue 
extracts, containing reducing systems, possess the 
capacity of decolorizing methylene blue under 
.anaerobic conditions. Wo have observed that rvhen 
sodium yeast nucleate is added to such extracts 
the decolorization rate is slightly decreased; when 
sodium tliymus nucleate is added this rate is very 
considerably decreased. The extent of this de- 
crease in rate is proportional to the amount of 
nucleate added. Addition of xanthine results in 
an increase in decolorization rate which appears 
to bo very nearly the same whether nucleate is 
present or not. The percentage increase in rate or 
addition of substrate however is greatest in the 
presence of thymus nucleate. Nearly identical 
results arc obtained with freshly-mixed solutions 
and with mixtures which arc allowed to stand until 
the viscosity of the thymus nucleate is reduced 
nearly to that of the extract (enzymatic depoly- 
merization). These and other findings suggest that 
thymus-type nucleates participate in the regula- 
tion of certain oxidation-reduction processes. 

Relationship between calcification of eggshell 
and carbonic anhydrase activity. Marie S. 
Gptowska and U. C. Pozzani (introduced by 
Julia 0. Holmes). Massachusetts Agricultural Ex- 
periment Station, Amherst. Previous study in this 
laboratory has shown a direct relationship between 
the activity of carbonic anhydrase in the shell 
gland of the hen 'and the calcification of the egg- 
shell. The administration of sulfanilamide — a 
strong inhibitor of this enzyme — resulted in an 
inhibition of eggshell calcification. 

The present report presents a study of the 
effect of NaCNS, KMnOj and MnSOi on the 
activity of carbonic anhydrase and on eggshell 
calcification. 

Rhode Island Reds of known laying capacity 
were used in confined laying batteries. 

The possible inhibitors of carbonic anhydrase 
were administered either subcutaneously or orally. 
Meldrum and Roughton’s manometrio method was 
used for determining carbonic anhydrate activity 
in the blood and the shell gland, a new unit having 
been devised for expressing the activity of this 
enzyme. The quality of the eggshell calcification 
was determined by the eggshell breaking strength. 

The administration of NaCNS was followed by 
(a) an inhibition in carbonic anhydrase activity of 
both blood and eggshell gland, and (b) a lowering 
in quality of the eggshell. These changes were 
similar to those observed following sulfanilamide 
administration . 

In contrast, KMnOi, although a good in-vitro 
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inhibitor of carbonic anhydrase, had little effect 
when administered to hens. 

The administration of MnSOi was followed by 
an increase in the carbonic anhydrase activity in 
the hen when administered orally or subcu- 
taneously. 

Finally, carbonic anhydrase activity was studied 
in relation to well-known seasonal variations in 
breaking strength of the eggshell. A direct rela- 
tionship was found. 

The effects of lethal doses of various inhibitors 
of carbohydrate metabolism on the rabbit. Philip 
Handler. Dept, of Biochemistry, Duke Univ. 
School of Medicine, Durham. The subcutaneous ad- 
ministration of fluoride, cyanide, azide and 
malonate, in doses which were fatal within two to 
five hours, produced virtually identical effects. 
Blood glucose and lactic acid and serum inorganic 
phosphate all increased three to six fold so that 
the terminal values were ; glucose 300-600 mg. per 
cent, lactic acid 100-250 mg. per cent, and phos- 
phate 10-20 mg. per cent. The behavior of serum 
organic phosphate was not consistent but it usually’’ 
increased two or three fold while blood pyruvate 
increased from 0.5-1 .0 mg. per cent to 3. 0-5.0 mg. 
per cent. All these changes were most pronounced 
during the last 30 minutes of life. The response to 
to iodoacetate differed in that there frequently 
occurred a marked drop in both inorganic phosphate 
and lactate during the first 60-120 minutes fol- 
lowed by a sharp rise so that the terminal values 
were 6-8 mg. per cent of phosphate and 80-140 mg. 
per cent of lactate. Of this series only malonate 
induced a ^-ketonemia. Large doses of insulin pre- 
vented the rise in glucose but not the other changes 
in blood constituents. Alloxan diabetic rabbits 
showed an even more dramatic rise in blood sugar 
under these conditions while the blood glucose of 
starved animals increased to a lesser extent. 

A convenient ultra-micro titrimetric method 
for the estimation of amino acids. Albert 
Hirschman (by invitation), Albert E. SoBELand 
Lottie Besman (by invitation). Division of Bio- 
chemistry, Jewish Hospital of Brooklyn. By treat- 
ing the reaction products of ninhydrin and amino 
acids with hydrogen peroxide, the ammonia can be 
determined by direct aeration, with no intermedi- 
ate stops. 

One ml. of solution containing 20-100 t of 
carbo.xyl nitrogen, 0.3 ml. of buffer solution (10 
per cent solution of citrate buffer, of pH 2.5) and 
50 mg. of ninhydrin arc added to a micro-aeration 
tube, and heated in a boiling water bath for 10 
minutes. The tubes arc shaken after 2 minutes 
heating. Three drops of 30 per cent hydrogen 
peroxide are added, and the tubes arc heated for an 
additional 3 minutes. The tubes are cooled and set 
up for aeration as described for Kjeldahl nitrogen 
(Sobel, hlayer and Gottfried, J. Biol. Chem. 15B: 


355 (1944)). One ml. of saturated potassium hy- 
droxide is added, and the solutions are aerated for 
40 minutes. The ammonia is trapped in 1.5 ml. 
of a 2 per cent boric acid solution containing 2 per 
cent of an alcoholic mixture of 10 parts of 0.1 per 
cent bromocresol green and 1 to 2 parts of 0.1 per 
cent methyl red. The solutions are titrated with 
0.0714 N acid, using a capillary microburet. Quanti- 
tative results were obtained with most of the IS 
amino acids tested. Low results were obtained with 
cystine (13 per cent) cysteine (75 per cent) trypto- 
phane (50 per cent) and hydroxyproline (29 per 
cent). 

Without the hydrogen peroxide step, or by using 
a weaker alkali, incomplete recoveries were ob- 
tained even with pure ammonium salts. 

Blood changes following administration of 
protein hydrolysates. Wm. S. Hofpm.an and 
Donald D. Kozoll (by invitation). Hektoen 
Inst, for Medical Research, Cook County Hospital, 
Chicago. When 45 grams of protein hydrolysate 
(Parenamine, Stearns or Cutter’s amino acids) of 
4.5 per cent concentration in solution, were in- 
jected intravenously into hospital control subjects 
at a rate of 300 ec. an hour the amino acids were 
promptly removed from the circulation. The plasma 
amino acid nitrogen level rose from a base level of 
3-8 to 8-11 mg. per 100 cc. about midway through 
the injection, returning to normal within one to 
two hours after the injection. Similar curves were 
obtained with oral or subcutaneous administration, 
except that the return to normal was slower. 

Serum inorganic phosphate levels dropped sig- 
nificantly early during the injection, returning to 
normal within an hour after the injection. When 
glucose was injected just before amino acids, the 
drop in phosphate due to glucose injection was 
further depressed by amino acid injection. Blood 
urea N rose toward the end of the period or after 
the injection. When the rise was significant, there 
was usually a diminished urea clearance, so that 
the rise appeared to be associated with diminished 
excretion. Blood glucose tended to rise toward the 
end of the injection period. 

The phosphate drop, occurring much earlier than 
the rise in urea, may not be due to phosphorylation 
of the deaminized moiety, but to some process that 
is concerned with the immediate utilization of 
amino acids by the cells. This might account for 
the remarkable speed with which amino acids arc 
removed from the circulation. 

A simple method for the determination of N'- 
methylnicotinamide in urine. Jesse W. Huff (by 
invitation), W. A. Perlzweig and M.iry W. 
Tilden (by invitation). Dept, of Biochemistry, 
Duke Univ. School of Medicine, Durham. N’- 
methylnicotinamide reacts with acetone in aqueous 
alkaline solution to produce a green fluorescent 
substance ; excess of acid changes this into another 
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w\oro stivble blue fluorescent compound. Ntijjar 
ct .nl. (Bull. Johns Hopkins Hosp. 74: 37S 1944) 
observed independently that the fluorescent, de- 
rivative, F:, reacts with acetone and alkali to pro- 
duce a colored compound which fluoresces on ex- 
traction into butanol. 

Procedure ; to 1 .00 ml . of urine diluted to contain 
0.3-I.5 y of N'-methylnicotinamidc, in fluoi-oincter 
tubes graduated at 10 ml., arc added 0.5 ml. of 
acetone (redistilled over lvMnO<) and 0.20 ml of 
C X NaOH with mixing. After standing at room 
temp, for 5 minutes 0.30 ml. of C A' HCl are added, 
the mixture is heated in a boiling water bath for 2 
minutes, cooled, 1 ml. of 20 per cent solution of 
KHtPO* is added and the contents arc diluted to 
10.00 ml. A blank solution is prepared ns above 
simultaneously, but substituting 0.5 ml. of water 
for the' acetone. For the standard a recovery tube 
is prepared from the same urine diluted in such a 
way that 1 ml. contains 0.4-O.C y of added N'- 
methylnicotinamide and treated as above. The 
fluorescence, which is stable for days, is read in 
any fluorometer equipped with the filters used for 
the determination of thiochrome. Highly pig- 
mented urines low in N'-methylnicotinamidc and 
those giving high blank values may be first de- 
colorized with charcoal in a 2 per cent acetic acid 
solution. (This work was done in part under a con- 
tract with the Office of Scientific Research and 
Development; it was also aided by the Nutrition 
Foundation, the John and Mary R. Markle Foun- 
dation and the Duke Univ. Research Council) . 

Specificity of polygalacturonase. Eugene F. 
J.rxsEN and L. R. MacDonneu. (introduced by 
Hans Lineweaver). Western Regional Research 
Lahxj., U.S.D.A., Albany, Cal. The action of 
polygalacturonase, an enzyme of the pectinase 
complex responsible for glycosidic hydrolysis of 
pectin, must be preceded by de-esterification. 
This requirement was shown by measurement of 
the initial rates, the course, and the extent of the 
action of polygalacturonase (freed of pectinesterase 
by acid treatment) on pectin and on pectinie and 
pectic acids prepared with alkali and orange pectin- 
esterase. The initial rates on all pectinie acids were 
identical ; however, the greater the metho.xyl con- 
tent the sooner the rate departed from the initial 
linear rate. With pectic acid the hydrolysis b 3 '’ 
jwlj'galacturonase occurred in two stages, an initial 
rapid stage up to about 50 per cent hydrolj’sis of 
the glycosidic bonds, followed by a slow stage. 
From a studj' of the kinetics the second stage 
appears to be the hydrolysis of digalacturonide. 
The extent of hydrolj'sis was a function of the 
degree of de-esterification. For a given methoxjd 
content the extent was greater for the enzjTnc- than 
for the alkali-prepared pectinie acid. The measur- 
able rate of hjMrolj-sis of pectin was only riiith 
of that of pectic acid. It seems reasonable to assume 


that the glycosidolysia of pectin occurred because 
isolated pectins arc onlj' about two-thirds ostcri- 
fied; fully estcrified pectin might not be hy- 
drolyzable by polj'galacturonasc. 

Fifty' per cent of the total viscosity change had 
occurred when 2 per cent of the glycosidic bonds 
of the substrates were hydrolyzed. Heat, which 
causes a decrease in viscosity of pectin, was shown 
to produce a similar glycosidic hydrolysis of pectin 
at pH 3.5. 

On the formation of acetylcholine by choline 
acctylase. H. M. John and D. Nachmansohn 
(introduced by H. T. Clarke). Dept, of Neurology, 
Columbia Univ., New York. According to a new 
concept the release of acetylcholine (ACh) is a 
primary' event responsible for the alterations of 
the nerve membrane during the passage of the im- 
pulse. Since the chemical energy released by the 
breakdown of phosphocreatine is adequate to ac- 
count for the electric energy released by the nerve 
action potential it was concluded that energy'-rich 
phosphate bonds are used for thesy'nthesis of ACh. 
In accordance with this assumption an enzyme, 
choline acety'laso, has been extracted from brain 
which in the presence of adenosinetriphosphate 
forms ACh in cell -free solution. 

In fresh brain extracts in which lOO-lSO ftg of 
ACh are formed per hour per gram of tissue, 
fluoride and eserinc are necessary' to inhibit the 
action of adenosinetriphosphatase and choline 
esterase. In extracts prepared from acetone dried 
brain addition of fluoride is unnecessary’ since the 
adenosinetriphosphatase appears to be remox'ed. 
-Addition of eserine has little or no effect since most 
of the choline esterase is destroyed by acetone 
precipitation. 

On dialysis, the enzyme loses its activity. 1 (-f ) 
glutamic acid and cysteine (still more strongly) 
reactivate the enzy'me. The presence of potassium 
is necessary, for both the dialy’zed and undialyzed 
enzyme, in concentration close to that found in 
brain. a-Keto acids inhibit the enzyme in concen- 
trations of lO"^ to M, which are close to those 
occurring in the living cell. Benzoylacry'lic acid 
was found to inhibit the enzyme in 10-^ M concen- 
tration. Progress is underway to accomplish puri- 
fication of the enzyme. 

Physico-chemical and biological properties of 
oxidized cellulose. Eevin A. Kabat, G. George 
Hennig (by invitation) and Joseph Victor (by 
invitation). Dept, of Neurology and Medicine, 
Columbia Univ., Neurological Inst, and Goldwater 
Memorial Hospital, New York. The introduction 
for surgical use of a “soluble cotton” prepared by 
oxidation with nitrogen tetroxide makes a study 
of its properties desirable. Two preparations were 
available, CSl and CS2, containing 16 and 21 per 
cent carboxyl respectively. Both were readily’ 
soluble in sodium bicarbonate or carbonate solu- 
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tions. 1 per cent solutions of CSl showed an osmotic 
pressure of 155 mm. of water. Molecules of CS2 
passed through the membrane and constant pres- 
sures were not obtained. Two boundaries were ob- 
tained on electrophoresis at pH 7.4 in 0.15M NaCl 
± 0.02M phosphate, a smaller immobile one and a 
main component with a mobility of about —11 X 
10-® cm^/volt-sec. for CSl and — 13 X 10-* cmVvolt- 
sec. for CS2. Rabbits tolerated intravenous in- 
jections totalling 3.4 to 7.3 grams during 2 to 5 days. 
Rises in rectal temperature from 0.4 to 2.5‘’C. 
followed single injections of from 0.5 to 2.4 gm. 
Erythrocyte sedimentation rate was unaffected. 
Microscopic examination of all tissues 1 to 2 days 
after injection revealed that the only noteworthy 
change was a marked swelling of some of the renal 
convoluted tubules without evidence of necrosis. 
The fate of these substances in the body was fol- 
lowed immunochemically by taking advantage of 
their reactivity with Types III and VIII antipneu- 
mococeus horse serum. Precipitin tests showed that 
about 80 per cent of the injected material disap- 
peared from the blood stream in 24 hours and that 
large amounts appeared in the urine within 3 hours 
after injection. CSl was not anaphjdactogenic in 
guinea pigs. [Aided by grants from the William J. 
Matheson Commission and the Connomwealth 
Fund.'] 

Spectrophotometric analysis of purine com- 
pounds and their enzymes in the ultraviolet. 

H. M. Kalckar. Division of Nutrition and Physi- 
ology, Public Health Research Inst, of The City of 
New York. A combination of optical and enzymatic 
micro methods has been developed which permits 
determination of fractions of a microgram of hypo- 
xanthine, guanine, inosine, adenosine and muscle . 
adenylic acid. The enzymes involved in oxidation 
and deamination of the purines and of the nucle- 
osides as well as the nucleosidases have also been 
studied by these methods. The methods and some ' 
of the more important applications will be 
described. 

Simplified tests for thiamine in rice. M. C. IOk 
( introduced by Barnett Sure). College of Agri- 
culture, Univ. of Arkansas, Fayetteville. Short 
procedures for thiamine analysis were tried on 
samples of rough, brown, undermilled and milled 
rice as follows ; 

One: The regular thiochromc method. 

Two; The same as one, without takadiastaso ; 
values ranged lower, from 15.4 per cent for milled 
rice to 19.7 per cent for brown and unpolished rice. 

Three : Cold 25 per cent KCl — 2 per cent acetic 
acid extraction. The thiamine content of rough 
rice was practically the same as with the regular 
method; brown rice showed 11.7 per cent differ- 
ence. Unpolished rice was the same as in one; 
milled rice showed a 10 per cent decrease. 

Four; Hot 25 per cent KCl — 2 per cent acetic 


acid extraction. Rough rice showed a 17.5 per cent 
decrease; brown rice and unpolished rice had 
similar values as in three; milled rice showed the, 
same as in one. 

Five: Extraction and enzyme hydrolysis took 
place as in one. Purification with decalco was 
eliminated, and instead, clear extracts obtained 
after incubation were immediately treated with 
isobutyl alcohol and oxidized (adequate portions) 
as in one. Differences ranged from 30.0 per cent in 
unpolished'to 55.3 per cent in rough rice. [Aided 
by a grant from the Williams-Walcrman Fund of the 
Research Corporation.] 

Phosphorylation of glucose induced by oxida- 
tios of 1(+ ) -glutamate by brain in vitro. J. Ray- 
mond Klein. Dept, of Psychiatry, Univ. of Illinois 
College of Medicine, Chicago. Homogenates of cat 
brain in potassium phosphate buffer pH 7.0, con- 
taining nicotinamide, diphosphopyridine nucle- 
otide, fluoride, and arsenite, o.xidized ((+)■ 
glutamate to a-ketoglutarate. In the presence of 
glucose, the oxidation was accompanied by con- 
version of inorganic to organic phosphate, the 
major portion of which was identified as a mixture 
of phosphoglycerate and fructose phosphates. The 
oxygen uptake was greater than the sum of that 
required for formation of ketoglutarate, estimate : 
from ammonia production, and that used in the 
presence of glucose alone. The formation of phos- 
phoglycerate and the extra oxygen uptake may be 
accounted for in part by assuming dismutation 
between a-ketoglutarate and triose phosphate, and 
oxidation of the expected product, a-hydroxy- 
glutarate, to ketoglutarate. Hydro.xyglutarate was 
oxidized by the tissue preparation, and, in the pres- 
ence of glucose, phosphoglycerate was formed. Since 
carbon dioxide was not formed during the oxidation 
of glutamate in the presence of glucose, the forma- 
tion of fructose phosphates cannot be attributed to 
oxidation of ketoglutarate or four-carbon dicarbox- 
ylic acids. It appears, therefore, that oxidation of 
H+I-glutamate to a-ketoglutarate and ammonia 
may be coupled with phosphorylation of glucose. 

Enzymatic oxidation of uric acid. Friedrich 
Klemperer. Massachusetts General Hospital and 
Dept, of Medicine, Harvard Medical School, Boston. 
During oxidation of uric acid with uricasc pre- 
pared from beef kidney or pig liver, only a small 
fraction of one equivalent of COj was formed. This 
indicates that in addition to allantoin, which can 
be isolated from the mixture, substances which 
contain all 5 carbon atoms of uric acid were formed. 
When oxidation was carried out in borate buffer of 
pH 9.2 a substance was formed which contained 4 
nitrogen atoms, all of which were liberated by. 
nitrous acid. The only oxidation product of uric 
acid with these properties is uroxanic acid. When 
the oxidation was performed in phosphate buffer of 
pH 7.2, the reaction mixture contained allantoin 
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!\iui a compound which contained 5 carbon atoina 
and 4 nitrogen atoms, only two of Avhich reacted 
with nitrous acid. Tlic only known oxidation prod- 
uct of this description is hydroxyncctylcno- 
diurcinc-carboxylic acid. At hydrogen ion concen- 
trations intermediary to those mentioned above, 
the amount of nitrogen liberated from substances 
other than allantoin by nitrous acid varied between 
2 and 4 equivalents indicating that in addition to 
allantoin varying amounts of uroxanic .acid and 
hydroxy -acctylenc-diurcine-carboxylic acid were 
formed. The relative quantity of each substance 
formed depended on the concentration of hydrogen 
ions as well ns buffer ions. All three substances were 
stable in the presence of uricaso. It is concluded 
that the primary oxidation product of uric acid is 
an extremely unstable compound which decom- 
poses immediately into the three compounds iden- 
tified in the reaction mixture. The latter decom- 
position, in all probability, is not enzymatic. 

Errors in the estimation of the free fatty acid 
content of dried eggs. Leo ICline and C. M. John- 
son (introduced by Hans Lineweaver). Western 
Regional Research Laby., V. S. D. A., Albany, Cal. 
A current study of lipolytic activity in stored dried 
egg powders necessitated the use of a specific 
method for the measurement of glyceride hydroly- 
sis. The A.O.A.C. method for the acidity of ether 
extracts of dried eggs has been generally used for 
this purpose. Indiscriminate use of results thus 
obtained may be misleading for two reasons; (1) 
Fatty acids liberated during storage may be under- 
estimated, as shown by the following results. Mix- 
tures of oleic acid and whole fresh egg were frozen 
and vacuum dried. The recovery of the oleic acid 
was only about 55 per cent when the extraction was 
made at the normal pH (8.5-9 .0) of freshly dried 
egg. (The pH was measuredon emulsions consisting 
of 1 part of egg to 3 parts of distilled water.) It was 
necessary to adjust the egg mixture to a pH of 4 to 5 
before drying, to obtain 95 to 100 per cent recovery 
of the added oleic acid. (2) Approximately 70 per 
cent of the acidity of the ether extract of several 
freshly dried egg samples was foimd to be due to 
non-free fatty acid material (phospholipid), pre- 
cipitable by acetone. Egg cephalin, unlike lecithin, 
behaves as a monobasic acid when titrated in 
solvents of low dielectric constant, and is believed 
to be largely responsible for the acidic nature of the 
acetone-insoluble fraction of egg oil. Failure to cor- 
rect for these two factors may mask significant 
increases in free fatty acids during storage of dried 
«gg- 

- Intravenous injection of vitamin D. Alphed E. 
Koehlek and Florence Connolly (by invita- 
tion). Santa Barbara Cottage Hospital and Sansum 
Clinic, Santa Barbara, Cal. Crystalline vitamin D 
(Vi'inthrop) equivalent to 160,000 XJ.S.P. units was 
dissolved in 4 cc. propjdene glycol and a colloidal 


suspension was made by the addition of 200 cc. 
normal saline. This amount was then injected intra- 
venously at constant rate over a 2 hour j)eriod into 
11 young adults. Blood was taken for scrum calcium 
and phosphorus at the end and at various times 
after the period of injection. 

The scrum calcium response was varied and un- 
predictable. In 11 subjects the maximum elevation 
of calcium was 4.4 mg. per cent, the minimum —1.8 
per cent, and the average -1-1.7 per eent. The maxi- 
mum change occurred as soon as “at the end of the 
injection” or ns late as “5 days after.” 

The scrum phosphorus generally decreased 
slightly but in a few instances there was an 
elevation. 

To obtain an approximate idea of the amount of 
calcium mobilized to bring about the scrum level 
changes after vitamin D injection, various concen- 
trates of calcium lactate were injected at a con- 
stant rate in a similar manner as with vitamin D, 
over a 2 hour period. One gm. of calcium, as the 
lactate, produced a serum rise at the end of injec- 
tion approximately equivalent to the maximum 
effect of vitamin D at the same time interval. It 
seems improbable that this amount could represent 
increased absorption from the alimentary tract in 
two hours ; hence these experiments indicate that 
the calcium must be mobilized at least in part from 
the bone. 

The variable response to vitamin D under stand- 
.ard conditions indicates that other systemic factors 
must operate to condition the response. 

Intravenous testosterone tolerance. Alfred E. 
Koehler and Elsie Hill (by invitation). Santa 
Barbara Collage Hospital and The Sansum Clinic, 
Santa Barbara, Cal. A colloidal solution of testos- 
terone prepared by dissolving the sterol in a small 
quantity of propylene glycol and adding a larger 
amount of normal saline is not sufficiently stable 
for prolonged intravenous injection. We have over- 
come this difficulty by dissolving 100 rag. of testos- 
terone in 20 cc. of propylene glycol and injecting 
this by means of an electrically driven consfant 
rate pump simultaneously with 200 cc. of normal 
saline by means of another pump. A T tube con- 
nexts the tira pumps to a Kaufraan-Luer syringe 
which acts as a mixing chamber for the production 
of the colloidal solution. Both pumps are timed to 
deliver their contents in 2 hours. 

Injections were given 6 subjects, 4 males and 2 
females without endocrine disturbances. 

For the 5 hour period following the start of the 
injection, the extra urinary androgen e.xcretion 
increased about 10 fold for the hourly rate over the 
control period and 14.3 per cent of the injected 
testosterone was e.\creted. All the extra androgen 
was e.\-creted in the first 24 hours following the in- 
jection. The extra androgen received ranged from 
15 to 31.6 per cent (average 23.4) of the injected 
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testosterone. The extra excretion in the female 
subjects fell within the limits of the values for the 
males. On the second and third day after the injec- 
tion the androgen excretion was depressed below 
that of the average of the 4 to 5 day control period 
before the injection. The injected testosterone 
probably depresses testicular secretion. 

Quinine absorption during avitaminosis. Ghan- 
viL C. Kyker and Mildred McEwen (introduced 
by James C. Andrews). Dept, of Biological Chemis- 
try and Nutrition, School of Medicine, Univ. of 
North Carolina, Chapel Hill. The postulation of a 
mutual metabolic inter-relationship between qui- 
nine and members of the vitamin B complex has 
been the basis for experiments which have been 
reported herein for the past two years. This report 
concerns the effect of an acute deficiency of vitamin 
B complex on the rate of the intestinal absorption 
of quinine. Comparable doses of quinine were ad- 
ministered by a special stomach tube technique to 
each of thirty -six normal rats and to an equal num- 
ber which were in an acute stage of deficiency. Six 
animals from each series were sacrificed at 15, 30, 
45, 60, 120, and 180 minutes after administration 
of the alkaloid. The unabsorbed portion was deter- 
mined by a modified Cori method. Each alimentary 
tract was divided into gastric and intestinal por- 
tions which were analyzed separately. No differ- 
ence was observed in the rates of absorption ex- 
hibited by the two series of animals. In both the 
normal and deficient animals the rate of absorption 
decreased with time. The passage of the dose from 
the stomach to the intestine was more rapid in the 
deficient animals, without exception. This differ- 
ence in rate of evacuation was pronounced at first 
and continued significantly at three hours. Each of 
the conclusions is in contradiction to the effect of 
similar vitamin deficiencies on the motility and 
absorption of food substances. These unexplained 
differences evidently reside in the pharmacological 
action of the drug. 

Rocntgenographic confirmation of our observa- 
tions, after incorporation of quinine in a barium 
meal, is in preparation. [Supported by a grant from 
the Samuel S. Pels Fund.] 

Dehydromethionine, a new methionine deriva- 
tive. Theodore F. Lavine. Lankenau Hospital 
Research Inst., Philadelphia. In a previous report 
(J. Biol. Chem. 151: 281, 1943) of the reversible 
reaction of mcthoninc with Ij, the reaction product, 
which was not. isolated, was, for convenience, re- 
ferred to as methionine periodide although some 
of its properties were at variance with this concep- 
tion. It has since been found that the product is 
iodinc-free and differs from methionine only' by the 
loss of 2 Il-atoms and accordingly the name, dehy- 
dromethioninc, is proposed for the compound. Its 
formation is represented by the equation, 
CiHiiSNOj -f I;— ^ CsHjSNO; + 2 HI; which is 


confirmed by quantitative evidence of acid and 
iodide formation, and by analysis of the isolated 
compound. The structure assigned to this com- 
pound is that of tet‘rahydro-l-methyl-2;il-azathio- 
lium-3-carboxylatc, 

CHs— S+- CH;- CHr CH (COO-)NH. 

A crystalline product was obtained by adding ether 
to a methyl alcohol solution of crude dehydro- 
methionine ; the latter was formed by' evaporation 
of the supernatant liquid resulting from reaction of 
the calculated amount of methyd alcoholic Ij with 
methionine in the presence of a slight excess of 
silver oxide. Analysis; calculated for CsHuSNO:: 
C, 40.81 ; H, 6.17 ; N, 9.52 ; S, 21.79 ; found C, 40.03 ; 
H, 6.45; N, 9.72; S, 21.26 (averages of two deter- 
minations). The isolated, material is extremely 
hygroscopic which is perhaps reflected in the above 
values. 

Methionine sulfoxide is formed in aqueous solu- 
tions, very slowly' at pH 7 (phosphate exerts a 
specific accelerating effect), rapidly' in acid or 
alkaline solution. 

The ease of formation of dehy'dromethionine and 
its stability at pH 7 suggest biological importance. 

Isolation of two transaminating enzymes. L. F. 
Leloir (by invitation) and D. E. Green. Dept, of 
Medicine, College of Physicians and Surgeons, 
Columbia Univ., New For^:. Braunstein and Kritz- 
mann described transamination, a process in which 
amino groups are transferred reversibly from amino 
acids to keto acids. Considerable uncertainty has 
existed as to the number and specificity of the 
enzymes involved. Braunstein has postulated two 
enzymes, one specific for glutamate, the other for 
aspartate. Each enzyme was assumed to catalyze 
transamination between the primary dicarboxylic 
acid substrate and various keto acids. Cohen has 
found evidence of only a single transaminating 
enzyme in animal tissues*, and he has been unable 
to confirm that amino acids other than glutamate, 
aspartate and alanine ar.j concerned in transamina- 
tions. We have isolated from pig heart two distinct 
transminating enzymes: (1) the glutamic-aspartic 
enzyme which catalyzes the reversible transamina- 
tion between a-ketoglutarate and aspartate or 
cysteic acid, and (2) the glutamic-alanine enzyme 
which catalyzes the reversible transamination be- 
tween glutamate and pyruvate. No other amino 
acid or keto acid with the possible exception of 
mesoxalic acid was activated by either of these 
two enzymes. The glutamic-aspartic enzy'me was 
isolated homogenous as judged by the usual criteria 
(Qtn 47,500). The glutamic-alanine enzyme was 
obtained about 40 per cent pure by salt fractiona- 
tion, and the active component could be separated 
from themixture by electrophoresis (Qtn 222,000), 
Glutamic-aspartic and glutamic-alanine enzymes 
account respectively for about 3 per cent and 0.1 
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per cent of the dry weight of pig heart . No evidence 
was found of dissociable prosthetic groups or of 
significant muonnts of B complex vitamins in either 
enzyme. 

Kinetics of enzymes producing the Streptococ- 
cus faccalis R-stimulnting factot. Juua. G. Lumon 
and JouK R. Totter (introduced by Paul L. Day). 
Unir. of Arkansas School of Medicine, Little Hock. 

A concentrate of the precursor of Streptococcus 
faccalis R (S. lactis R) stimulating factor occurring 
in yeast extract was made by adsorption on norite, 
elution, and precipitation with alcohol. This con- 
centrate was used as a substrate for enzymes pre- 
pared from rat liver, chicken pancreas, and potato. 
Initial velocities of the conversion to active Strep- 
tccoccus faccalis l||^timulating substance, at sev- 
eral substrate coi-entrations, were determined 
with the three enzyme preparations at jiH 7 and 
32°. Analysis of the data obtained indicates that 
under the conditions of the tests the Michaclis 
constants for the enzyme preparations differ 
widely. Expressed as the equivalent of mg. of mate- 
rial of potency 40,000 per liter, the Km for the rat 
liver preparation is 0.29, for the chicken pancreas 
enzyme is 3.0, and for the potato enzyme is about 
3S. [Aided hy a grant from the National Live Stock 
and Meal Board.] 

Effect of low pressure, low temperature, diethyl 
stiibestroi administration, and starvation on the 
cholesterol content of serum and of adrenal glands 
in rats. Louis Levin. Dept, of Anatomy, College of 
Physicians and Surgeons, Columbia Univ., New 
York. Diethyl stiibestroi, known to be an adreno- 
cortical stimulant, causes a rapid and progressive 
decrease in cholesterol levels of serum and of ad- 
renal glands. The very low cholesterol levels are 
maintained for as long as the drug is administered 
(35 days). Despite the adrenal hypertrophy, the 
cholesterol content of the adrenal glands is far 
below the normal value. 

Subjection of rats to low barometric pressure 
causes the adrenal cholesterol level to fall to half 
the normal value within several hours. There is a 
rapid restoration to normal levels after return to 
normal. atmospheric pressure. The serum choles- 
terol is not affected by subjection to low pressures 
for the short periods (7 hrs.) used in these experi- 
ments. 

Exposure to low temperatures (0 to 5° C) for as 
long as 72 hours has no significant effect on either 
serum or adrenal cholesterol levels. Likewise, after 
complete starvation for 72 to 120 hours, the adrenal 
cholesterol concentration remains normal but the 
serum cholesterol level is slightly decreased. 

In no case, except after hypophysectomy, and in 
a few cases after treatment with large doses of 
desoxycorticosterone acetate, were adrenal choles- 
terol concentrations greater than normal encoun- 
tered. 


These findings, at least in part, support the con- 
clusion of Sayereotal., (YalcJ.Biol, and Med. 16: 
3G1, 1944) that severe stresses cause the secretion 
of adrcnotrophic hormone which in turn causes a 
temporary depletion of adrenal cholesterol, pos- 
sibly because of accelerated use of this substance 
in the manufacture of active adrenocortical 
steroids. 

The catalytic activity of iron compounds in fat 
autoxidnf ion. John Fe.vig Lingenfelter and Wil- 
lis A. Gortxeu (introduced by L. A, Maynard). 
School of Nutrition, Cornell Univ., Moca. The pro 
oxidant .activities of some simple iron salts and 
cyanide complexes have been studied in storage 
tests with fresh pork fat in a heterogeneous system, 
and the extent of autoxidation was estimated by a 
modified microperoxidc method. 

Certain ferrous salts and complexes have been 
found to be the most effective catalysts under those 
conditions. .4 difference in mechanism is indicated 
for the catalytic activities of ferrous and ferric iron 
in catalyzing the autoxidation of unsaturated fats. 
This supports previous observations that certain 
octahedral complexes of ferrous iron show marked 
activity as oxidation catalysts for atmospheric 
oxidations. 

The activity of the compounds tested will be 
discussed in terms of a general theory of the ac- 
tivity of ferrous iron as an initiator of chain reac- 
tions of oxygen. [Aided by a grant from the Consoli- 
dated Edison Co. of New York, Inc.] 

The mechanism of sulfanilamide acetylation. 
Fritz Lipmanx. Biochemical Research Laby., Mas- 
sachusetts General Hospital, Boston. Concentrated 
homogenates of pigeon liver were found aerobically 
to acetylate sulfonamides vigorously, in particular 
when acetate was added. Without respiration only 
negligible acetylation occurred. However the addi- 
tion of adenylpyrophosphate evoked anaerobically 
acetylation at a rate comparable to that of the aero- 
bic process. Acetyl phosphate was inactive. It is 
assumed from these data that respiration merely 
generates energy rich phosphate bonds to form 
adenylpyrophosphate, which, on the appropriate 
enzyme, condenses acetate and sulfanilamide to the 
acetyl sulfanilamide. 

The acetylating system proper, which is thus 
independent of respiration, may be frozen without 
loss. By centrifugation of a frozen homogenate the 
adenyl -pyrophosphate-catalyzed acetylation is ob- 
tained in a homogeneous, slightly opalescent solu- 
tion. This solution becomes readily inactive on 
standing, with or without dialysis. In both cases, 
the system may be reactivated through addition of 
boiled extracts of liver or kidney, less effectively 
of muscle but not of yeast. 

Spectroradiometry of ninhydrin and some deriv- 
atives in air-free solutions. Douglas A. Mac- 
Fadyen. Division of Chemistry and Ph ' Army 
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Medical School, Washington. Ninhydrin forms 
many colored derivatives. Some are stable in the 
presence of air; others are rapidly oxidized by air, 
and include derivatives of hydrindantin. Elucida- 
tion of the mechanism of the chromogenic reactions 
of ninhydrin with amino acids, in which hydrin- 
dantin has been variously considered, has been 
complicated by failure to control pH and oxidation- 
reduction factors. 

Preparation of solutions sufficiently free from air 
to yield constant spectroradiometric character- 
istics was difficult in paraffin -sealed cuvettes which 
were tested in the Beckman quartz prism spectro- 
photometer; but it was simple in Hamilton-Van 
Slyke vessels (Fig. lA^) which were used as cuv- 
ettes in the Coleman clinical spectrophotometer. 
These vessels, from which air has been removed by 
suction, serve for reactions at temperatures up to 
100” and also as cuvettes for anaerobic spectro- 
radiometry. 

The anaerobic technique was applied to a study 
of solutions of hydrindantin at varied pH, and to a 
comparison of the reaction of alpha-alanine with 
ninhydrin and the reaction of alpha-alanine with 
hydrindantin. The results, which could not have 
been obtained under ordinary spectroradiometric 
conditions, support none of the previously stated 
hypotheses. 

Urinary steroids of patients with adrenal dis- 
eases. Haeold L. Mason. Dept, of Biochemistry, 
Mayo Foundation, Rochester, Minn. Urine was 
' collected from patients with Addison’s disease, 
adrenal hyperplasia and adrenal tumors, hydro- 
Ij'^zed and extracted with ether or benzene. The 
neutral ketonic alcohols and nonketonic alcohols 
were separated and chromatographed on aluminum 
oxide by procedures similar to that of Callow and 
Callow (Biochem. J. 33: 931). From 126 liters of 
pooled urine of men with Addison’s disease treated 
with desoxycorticosterone acetate, 96 mg. of 
androsterone, the only crystalline ketone, and 1 mg. 
of pregnanediol were isolated. Eighteen liters of 
urine from a young woman with Addison’s disease 
and normal menstrual cycles gave 28 mg. of neutral 
ketonic fraction which assayed 7.5 mg. of 17-keto- 
stcroid and gave 8 mg. of alcoholic ketone. In ac- 
cordance with Brooke and Callow (Quart. J. Med. 
S, 233) large amounts of dehydroisoandrosterone 
(isolated as the sodium sulfate in 2 instances) were 
obtained from five of six patients with tumors. 
The following were present in greater than normal 
amounts :Etiocholan-3a-ol-17-onc in five cases with 
tumor and one of the four with hyperplasia ; andros- 
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teronc in three cases with tumor and in three with 
hyperplasia; pregnanediol in all cases with tumor 
and in two with hyperplasia; 3Q:,17,20-pregnane- 
triol in one patient with tumor and three patients 
with hyperplasia. An unidentified alcoholic ketone, 
m.p. 197-198” (acetate, 238-240°) was present in 
relatively large amounts in the urine of all patients 
with hyperplasia and of three with tumors. A non- 
ketonic alcohol, m.p. 206-207°, 3/3,20a-pregnanediol 
and a number of small unidentified fractions were 
obtained. 

Acetate utilization by animal tissues, using iso- 
topic carbon as a tracer. Grace Medes, Sidney 
Weinhouse (by invitation) and Norman F. Floyd 
(by invitation). Lankenau Hospital Research Inst., 
Philadelphia. In continuation of studies of fatty 
acid metabolism, using C*’ as a tracer, the conver- 
sion of acetate to acetoacetate by various tissues 
was investigated. Rat liver slices readily oxidize 
acetate with the intermediate formation of aceto- 
acetate. Kidney and heart slices also oxidize acetate 
3vithout accumulation of ketone bodies ; but since 
these tissues 3Vere found to oxidize acetoacetate 
more rapidly than acetate, ketone body formation 
was not excluded. To discover whether acetoacetate 
is an intermediate of acetate oxidation in kidney, 
a mixture of carboxyl-labeled acetate, and non- 
isotopic acetoacetate was incubated with kidney 
slices. The presence and amount of excess in 
the p and carboxyl carbons of the recovered aceto- 
acetate indicated that most of the utilized acetate 
was converted to ketone bodies. The conversion was 
direct, and did not involve assimilation of meta- 
bolic CO 2 , as shown by the fact that a control ex- 
periment with non-isotopic acetate and aceto- 
acetate in presence of isotopic bicarbonate resulted 
in the recovery of non-isotopic acetoacetate. 

In a similar experiment with slices of heart mus- 
cle, incubation of isotopic acetate and non-isotopic 
acetoacetate resulted in the recovery of non-iso- 
topic acetoacetate. Other tissues are being investi- 
gated and will be reported. 

Apparently, two pathways for acetate utilization 
exist in' animal tissues ; one proceeding through 
acetoacetate, occurs in liver and kidney, the other 
not involving ketone body formation, occurs in 
heart and perhaps also in kidney and liver. 

The urinary excretion of riboflavin by man as 
related to diet and physical activity. Olaf Mickel- 
sen, Doris Doeden (by invitation) and Ancel 
Keys. Lahy. of Physiological Hygiene, Univ. of 
Minnesota, Minneapolis. Eight normal young men 
were maintained in caloric balance for 160 days on a 
constant 3300 Cal. diet providing 0.9 mg. of ribo- 
flavin daily. Urinary riboflavin stabilized after 6 
weeks and averaged 0.120 mg. daily in 4 men who 
received no supplements and 0.490 mg. in 4 men who 
received daily supplements of 1.0 mg. of riboflavin. 

Twelve similar subjects receiving 2.1 mg. daily 
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for 4 months excreted an average of 0.670 mg. Com- 
plete starvation and hard physical work jirodueed 
excretions of 1,30, l.SO, and 1.50 mg. on successive 
days. Acute athiaminosis produced by thiamine 
deprivation was associated with an average daily 
excretion of 2.69 mg. of riboflavin although ribo- 
flavin intake was mrehanged. 

Six similar subjects were subjected to 3 periods 
of bed-rest. Prior to bed-rest they excreted 0,64 mg. 
of riboflavin daily but this rose in bed -rest to 1.07 
mg. and fell abruptly to 0.56 mg. on quitting bed- 
rest. Riboflavin intakes during the periods corre- 
sponding to these excretions were 2.25, 1 .62 and 1 .93 
mg., respectively. Body weight was substantially 
constant throughout and nitrogen balance was not 
correlated with apparent riboflavin balance. A 
simple herniorrhaphy with 3 weeks bed-rest pro- 
duced similar but greater effects. [This work was 
supported in part under the terms of a contract be- 
tween the Regents of the Vniv. of Mirmesota and the 
Office of Scientific Research and Development. Sup- 
port front other sources will be acknowledged in final 
publication.] 

The effect of bed rest on mineral and nitrogen 
balances. Erma V. Miller (by invitation), Olaf 
AIickelsen, W. W. Benton (by invitation) and 
ANCELlvEYS.iaby. of Physiological Hygiene, Univ. 
of Minnesota, Minneapolis. Si.x normal young men 
were subjected to three and four week periods of 
bed rest in 10 experiments. Controls for balance 
studies were run before and after the bed rest. 
Throughout the experiments, food, urine and stools 
were collected and analyzed for nitrogen, potas- 
sium, phosphorus and calcium. 

Body weight remained constant during each 
entire experiment. Before bed rest, the daily pro- 
tein intake was 75 grams, whereas it was 55 grams 
during bed rest. While in bed, the men showed an 
average negative balance of 11 grama per day. Dur- 
ing two bed rest experiments, the protein intake 
for five days was increased to 130 grams per day. 
This reversed the negative balance and produced a 
positive protein balance averaging from eleven to 
seventeen grams daily. As soon as the protein in- 
take was again reduced, the marked negative bal- 
ance* appeared. During the recovery period, the 
nitrogen balance became positive as soon as the 
subject got out of bed. It required about two to 
throe weeks to restore the protein lost during bed 
rest. 

The potassium balance was negative during bed 
rest (169-363 mg. per day). The most negative po- 
, tassium balances were associated with the highest 
nitrogen loss but there was no constant relation 
between them. It required two to three weeks after 
the bed rest to restore the potassium loss. 

The calcium and phosphorus balances were vari- 
able during the periods of bed rest. [This work was 
supported in pari under the terms of a contract be- 


tween the Regents of the Univ. of Minnesota and the 
Office of Scientific Research and Development. Sup- 
port from other sources will be acknoiclcdgcd in final 
publication.] 5E 

Further purification of the enzyme from chicken 
pancreas which produces the Streptococcus fae- 
calis R-stimulaling factor. Virginia Mims (by 
invitation) and Michael Laskowski. School of 
Medicine, Univ. of Arkansas, Little Rock. A 
method has been described for the purification from 
chicken pancreas of the cnzj’me which produces the 
Streptococcus faecalis R-(iS. lactis R) stimulating 
factor from inactive precursors in yeast (Laskow- 
ski, Mims, and Day, J. Biol. Chem., in press). 
Preparation of enzyme made by this method had an 
average potency of 200 units per mg. of protein, 
with an average yield of 3000 units per kilo of 
pancreas. A similar enzyme has been provisionally 
termed "vitamin Bt con jugaso” (Birdctal., J. Biol. 
Chem. 157 : 413, 1945). 

Sever.al improvements in the purification pro- 
cedure have been introduced. By using pH 8 phos- 
phate buffer instead of pH 7 and by permitting the 
minced pancreas to autolyze for 24 hours at room 
temperature, one to two million units have been 
e.xtracted from one kilo of tissue. The purification 
with calcium phosphate gel and precipitation with 
alcohol have been retained. The laborious reduction 
in volume by salting out with sodium sulfate has 
been abandoned ; instead, saturated ammonium sul- 
fate adjusted to pH 7.6 is used for the final frac- 
tionation. The purest preparation so far obtained 
has had a potency of 2000 units per mg. of protein. 
Concentrated preparations are yellowish, showing 
a maximum absorption at about 360 mp. As yet no 
definite statement can be made as to whether or not 
the color is associated with enzymic activity. 

Liver arginase. Mostafa S. Mohamed (by invi- 
tation) and David M. Greenberg. Division of 
Biochemistry, Univ. of California Medical School, 
Berkeley. Liver arginase of high potency was pre- 
pared by a procedure which involves the preferen- 
tial denaturation and precipitation of non-arginase 
proteins by lead ions and acetone. Electrophoretic 
e.xaraination of the best preparations shofred the 
presence of three proteins. The isoelectric point, 
determined from the electrophoretic mobility and 
by acetone titration, was in the neighborhood of 
pH 5.0. 

The activation of arginase by Mn"*^ and Co"*^ was 
found to be a reversible reaction, concerned with 
the enzyme alone, and governed by time, tempera- 
ture, pH, and the typo and concentration of the 
activating ion. The activation seems best e.xplained 
by the following scheme, using Mn++ as an example : 

Proarginase -p Mn++ Arginase — Mn 

(inactive) . (active) 
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The arginase-metallic ion compound is readily dis- 
sociated. ' 

Arginase is quite stable in solution and in the 
presence of most heavy metals ; only Ag''' and 
inactivate it. The enzyme is destroyed by iodine, 
but not by HjOj. The activity is lowered by borate 
and citrate buffers ; probably by the formation of 
complexes with the activating ions. 

Kinetic anal 3 'sis of the substrate concentration- 
activity curves and the pH-activitj' curves yielded 
the conclusion that the active enzyme-substrate 
intermediate is formed by combination of one 
monovalent cation of arginine with one of arginase 
in the anionic state. The Michaelis-Menten disso- 
ciation constant varies with pH to give a U-shaped 
curve, the minimum value being at about pH 8.0. 

Dietary protein and porphyrin metabolism in 
the rat. James M. Orten and Judith Mackey 
Keller (by invitation). Dept, of Physiological 
Chemistry, Wayne Univ. College of Medicine, De- 
troit. A study was made to determine the effect of 
a synthetic diet low in protein (3.5 per cent casein) 
but adequate in all other respects on the fecal 
excretion of protoporphyrin in the rat. Control rats 
were fed the same diet but with the level of casein 
increased to 22.5 per cent. 

The porphyrin content of the feces was quantita- 
tively determined by a modification of Watson's 
method for protoporphyrin in erythrocytes. Hemo- 
globin determinations were made by an acid- 
hematin method at regular intervals during the 
16-week period of observation. 

The porphyrin excretion of the low-protein rats 
was consistently less than that of the control ani- 
mals when calculated either as micrograms of proto- 
porph 3 win per day or per 100 grams of body weight, 
but the excretion was somewhat greater when ex- 
pressed as micrograms per gram of dietary protein 
ingested. The porphyrin excretion of the low- 
protein rats decreased progressively during the 
experiment while the usual chronic anemia de- 
veloped. 

If protoporphyrin excretion is an index of por- 
ph 3 'rin synthesis, these data indicate that dietary 
protein serves as a precursor of the porphyrin 
nucleus in the rat and that porph 3 'rin formation, 
like hemoblogin formation, has a high “priority 
rating” for available protein in the organism. 

The role of dihydrocoz 3 mase and inorganic 
orthophosphate in enz>raatic transphosphoryla- 
tion. Winston H. Price (by invitation) and Sid- 
ney P. CoLOWiCK. Dept, of Pharmacology, Wash- 
ington Univ. School of Medicine, St. Louis. The 
following reactions have been studied in fluoride- 
poisoned aqueous extracts of minced rat muscle: 

(1) Adenosinctriphosphatc-f glucose glucosc- 

6-phosphato -b adenosinediphosphate 

(2) Adenosinetriphosphate + fructose-G-phos- 

pliate — > fructose-1, 6-diphosphatc + 
adenosinediphosphate 


The enzymes catalyzing these reactions arc sta- 
ble at 25° in the pH range 7.0 to 8.0, but are rapidly 
inactivated at pH 6.0. Extracts which have been 
inactivated at pH 6.0 can be reactivated by the 
addition of small amounts of dihydrocozymase. 
This reactivation can be demonstrated in an iodo- 
acetate-poisoned system, in which the addition of 
the oxidized form of cozymase has no effect. 

In aqueous extracts prepared from acetone-dried 
rat muscle, the enzymes are stable at any pH in the 
range 6.0 to 8.0; however, they can be inactivated 
at pH 6.0 by the addition, of an extract of fresh 
muscle. 

Extracts of either fresh muscle or acetone-dried 
muscle can be inactivated at pH 7.5 by dialysis 
against saline. The dialyzed extracts can be reac- 
tivated by the addition of inorganic phosphate and ' 
Mg. The addition of dihydrocozymase is unneces- 
sary in this case. When extracts of fresh muscle 
are inactivated at pH 6.0 and then dialyzed against 
saline, the addition of dihydrocozymase, inorganic 
orthophosphate and Mg is necessary for reac- 
tivation. 

The possibility of the intermediate formation of • 
an inorganic polyphosphate such as pyrophosphate 
by the reaction of adenosinetriphosphate with inor- 
ganic orthophosphate has been considered. Radio- 
active orthophosphate is being used for further 
investigation of this possibility. 

Mode of denaturation of serum albumin by 
sodium dodecyl sulfate. Frank W. Putnam (by 
invitation) and Hans Ne,urath. Dept, of Bio- 
chemistry, Duke Univ. School of Medicine, Durham. 
In continuation of previously described work (J. 
Am. Chem. Soc. 66 : 692, 1992 (1944)) on the inter- 
action between horse serum albumin (A) and so- 
dium dodecyl sulfate (D)', further data on the com- 
position and molecular properties of the resulting 
complexes have been obtained. Diffusion and vis- 
cosity measurements on mixtures of A and D corre- 
sponding to the composition of complexes ADis and 
ADiio yield molecular weights which agree satis- 
factorily with the calculated values. Viscosity 
measurements indicate that formation of ADss pro- 
ceeds without appreciable changes in the shape 
of the albumin molecule whereas the asymmetry of 
the protein increases in the formation of ADno. 
Upon addition of more detergent further unfolding 
occurs with the formation of loose, olcctrophoreti- 
cally monodisperse complexes of variable composi- 
tion, up to a D/A ratio of 1 at which free detergent 
becomes detectable. Partial removal of detergent, 
by freezing out from solutions of complexes higher 
than ADno, yields ADso and regenerated protein. 

The data indicate that the first step in the dena- 
turation of serum albumin by detergent consists of 
stoichiometric binding of the detergent anions by 
one-half the cationic protein groups, the remaining 
basic groups differing in steric arrangement, disso- 
ciation constant or structural function. Structural 
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Risordor of the protoiix ensues when the lixttcr 
groups react , and is accentuated uiwn saturatiou of 
secondary attractive forces by detergent . Tiic pres- 
ent observations afford a model for the mechanism 
of protein denaturatiou and for the interaction be- 
tween proteins and other ionizablc biological com- 
jxnmds. 

Prothrombin of newborn pups born of a mother 
fed dicnmarol. Armakd J. Quick. Dept. 0/ Rio- 
■chcviislry, Marquette Vniv. School of Medicine, 
Milwaukee. Pups born of a mother fed dicumarol 
prior to parturition had a hypoprothrombinomia 
which was much more pronounced than in the 
mother. In one instance the prothrombin time of 
the mother was 21 seconds (5 per cent of normal) 
while that of the pups ranged from 100 to 240 sec- 
onds (less than 0.5 per cent of normal). Four of a 
litter of 7 died of hemorrhage. In 3 pups death 
resulted from intraperitoneal bleeding. In none was 
umbilical oozing observed. The three that survived 
received a water soluble preparation of vitamin K 
intravenously . In untreated pups of another similar 
experiment the prothrombin continued to drop for 
several days, but returned to the adult level in 8 to 
10 days. 

Pups are relatively more susceptible to dicumarol 
than older dogs, but they also show a more rapid 
recovery. When dicumarol was fed to the nursing 
mother, the pups had a mild but unmistakable 
■decrease in prothrombin indicating that the drug 
passed into the milk. 

These results offer an explanation for the finding 
that parturient cows fed spoiled sweet clover hay 
sometimes survive whereas the calf succumbs to 
hemorrhage. Dicumarol apparently injures or in- 
hibits the mechanism employed for the synthesis 
of prothrombin more in the fetus than in the 
mother. The administration of the drug to pregnant 
women, on the basis of the present findings, can be 
considered dangerous particularly to the life of the 
child. 

Metabolism of acetic acid. D. Rittenbekg and 
Koxrad Bloch. Dept, of Biochemistry, Columbia 
Vniv., ii'ew York. The administration of deuterio 
acetic acid and a foreign amine results in the excre- 
tion of a deuterio acetyl derivative containing a 
much lower isotope concentration than the acetate 
fed. The isotope dilution is inversely proportional 
to the amount of acetate fed per 100 grams of rat 
but is nearly independent of the amount and nature 
■of the amine (sulfanilamide, para aminobenzoic 
acid and d- and 1- 7 -phenyl-a-aminobutyric acids). 
When alanine labeled with deuterium at the p-car- 
bon atom is fed, together with phenylaminobutyric 
acid, the e.xcreted acetyl derivative contains deu- 
terium. The intermediate is probablj- deuterio 
pyruvic acid. When deuterio alanine is fed, to- 
gether with para-amino-benzoic acid, or sulfanil- 
amide, the excreted acetyl groups contain very 
little deuterium. 


These and otiior data suggest that tlic dilution of 
the deuterio acetate, at least ns observed in the 
cases of para aminobenzoic acid and sulfanilamide, 
is the result of dilution of the fed acetate with that 
produced in the organism. Quantitatively the data 
suggest that in the case of the rat acetic acid is 
produced at the rate of 1 gram per 100 gram of body 
weight per day and that the major sources of this 
acetate arc the fats and the kotogeuic amino acids. 
Since the actual concentration of acetic acid in the 
tissues is very small the organism must have an 
cfficicnf mechanism for disposing of acetate. Utili- 
zation of acetic acid for some synthetic reactions 
was demonstrated by the isolation of fatty acids, 
cholesterol, aspartic and glutamic acids containing 
C” after the feeding of acetate labeled with C‘’. 

Specificity of choline esterase in nerve tissue. 
M. A. Rothenberg and D, Nachmansohk (intro- 
duced by H. T. Clarke). Depls. of Biochemistry and 
Neurology, Cohimbia Univ., New York. The con- 
cept that the release of acetylcholine (ACh) is 
directly connected with the nerve action potential 
is based essentially on studies of the enzyme cho- 
line esterase. In these investigations it has been 
assumed that the enzyme studied is specific for 
ACh. By testing the rate of hydrolysis of different 
substrates a pattern has been established which 
makes it possible to distinguish between choline 
esterase and other esterases not specific for ACh. 

Evidence has been provided that the esterase 
present in all nerve tissues is eitlier exclusively or 
predominantly specific choline esterase. All those 
nerve tissues were tested which were essential in 
laying the basis for the new concept; mammalian 
brain, abdominal chain of lobster, squid fiber and 
electric organ of fish. The esterase present in 
striated and heart muscle, both free of nerve fibers 
and endings is also choline esterase. 

Choline esterase extracted from the electric 
organ of Electrophorus electricus has been purified 
by means of fractional ammonium sulfate precipita- 
tion to a degree where one milligram of protein 
splits three thousand milligrams of ACh per hour. 
Some features of this purified preparation will be 
described. The rate of hydrolysis of different sub- 
strates shows the same pattern as freshly homog- 
enized electric tissue. This indicates that the 
enzyme tested in fresh electric tissue is choline 
esterase and therefore the parallelism established 
between voltage and enzyme activity becomes par- 
ticularly pertinent. 

An active solution of choline esterase has now 
been obtained from the nucleus caudatus of ox, the 
first choline esterase preparation obtained from 
mammalian nerve tissue. 

The effect of riboflavin analogues on the growth 
of Lactobacillus easel. Herbert P. Sarett (intro- 
duced by J. Raymond Klein). Dept, of Chemistry, 
Oregon Slate College, Corvallis. Isoriboflavin, lumi- 
flavin, and l-ribitylamino-2-amino-4,5-dimethyl- 
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benzene were tested for their effects on the utiliza- 
tion of riboflavin for growth of Laciobacilhis casei. 
Two types of media, differing in sources of nitrogen 
and vitamins, were used for growth experiments. 
One contained hydrolyzed casein and known vita- 
mins, the other alkali-treated peptone and ribo- 
flavin-free yeast. Growth was measured by acid 
titration. 

With no riboflavin added to the basal casein me- 
dium, isoriboflavin (I- 3 OO 7 per 10 ml.) has about 
0.03 per cent of the activity of riboflavin, in con- 
trast to the antiriboflavin effect of this compound 
in rats. In the presence of suboptimal levels of 
riboflavin, isoriboflavin is markedly stimulatory to 
L. casei. The stimulation by isoriboflavin is less on 
the peptone medium than on the casein medium, 
and is decreased by the addition of protein hydrol- 
ysate. 

l-Ribitylamino-2-amino -1,5 -dimethyl- benzene 
contains only a small part of the riboflavin mole- 
cule but acts like isoriboflavin. 

Lumiflavin has both an inhibitory and a stimula- 
tory action upon the use of riboflavin for growth. 
10 to 300 7 of lumiflavin per 10 ml. curtails the 
slight growth obtained on the basal medium alone, 
or with small additions of riboflavin. As the amount 
of riboflavin is increased, a zone is reached where 
there is no effect of the lumiflavin, and finally in 
the presence of more riboflavin, lumiflavin has an 
augmentative effect. Similar experiments with 
other riboflavin analogues are in progress. 

The isolation of (— )o;-glyceryl-phosphoryl- 
choline from incubated beef pancreas. G. Schaiidt, 
B. Hershman (by invitation) and S. J. Thann- 
HAUSER. Boston Dispensary and Tiifls Medical 
School, Boston. In a comparative study on the 
enzymatic hydrol 3 'sis of phosphatides in various 
organs it was found that the tissues of the digestive 
sj’’stem exhibited by far the greatest activity. In 
mucosae of the small and large intestines which 
contained large amounts of phosphatase the phos- 
phatide phosphorus was almost quantitatively 
transformed into inorganic phosphate, whereas in 
the mucosa of the stom.ach and in pancreas the 
hydrolj’sis led to the formation of an organic acid- 
soluble phosphorus fraction. The fraction is soluble 
in alcohol and is not precipitated from aqueous 
solutions by heavy metal salts or barium salts. It 
can be precipitated as a reinecke salt or as a cad- 
mium chloride complex from concentrated alcoholic 
solutions. On the basis of these properties, a pro- 
cedure for the isolation of a pure substance was 
developed. 

The product contained nitrogen and phosphorus 
in equivalent proportions. By acid hydrolysis it 
was rapidly split into glycerophosphoric acid and 
choline which quantitatively accounted for the 
total nitrogen. This behavior is remarkable in view 
of the behavior of phosphory'l-choline v Inch is very 


resistant against boiling mineral acids. The analyti- 
cal data agree with the assumption that the sub- 
stance is glj^cerjd phosphoryd choline. 

The substance reacted with periodate in exactly 
equivalent proportions and was levorotatory 
(qtd = — S-O®). Thus, it has to be considered as 
( — )a-glyceryl phosphoryl choline. 

The liberation of amino acids from animal 
tissues. B. S. Schweigert (by invitation), Irene 
Tatman Greenhut (by invitation) and C. A. 
Elvehjem. Dept, of Biochemistry, Univ. of IFrs- 
consin, Madison. Studies have been made on the 
extent of hydrolysis of the protein in animal tissues 
by acid, alkaline and enzymatic treatments. Micro- 
biological methods were used for the determination 
of leucine, valine, isoleucine, tryptophane and 
threonine. The amount of alpha amino N liberated 
by the digestion methods was determined by the 
Van Slyke method. 

It was found that leucine, valine and isoleucine 
can be determined satisfactorily after autoclaving 
for 5-10 hours with 2-5 N HCl or H2SO4. Trypto- 
phane could not be determined satisfactorily by 
this method of hydrolysis since low and variable 
recoveries were obtained. 

The use of 3-10 N Ba(OH )2 as hydrolytic agents- 
was not entirely satisfactory. Recoveries of added 
tryptophane varied from 20-70 per cent. 

Enzymatic digestion with pancreatin was then 
investigated. When the tissue was homogenized and 
incubated at 37°C. with pancreatin for 5 days, the 
alpha amino N values obtained were only 60-70 per 
cent of those obtained after acid hydrolysis. Simi- 
larly, leucine values obtained showed that the di- 
gestion was incomplete, since higher values were 
obtained after acid treatment. Preparations of in- 
testinal mucosa from rat and dog intestines, when 
added to the digestion mixture with pancreatin 
were found to increase the alpha amino N, leucine 
and trj'ptophane values as compared to those ob- 
tained with pancreatin digestion alone. The alpha- 
amino nitrogen obtained by a combination of pan- 
creatin and intestinal mucosa was of - the same- 
magnitude as that obtained after acid hydrolysis. 

Behavior of -wheat starch with enzyme prepara- 
tions from pancreas- and Aspergillus. SroMUNn 
ScHwiMMER (introduced by A. K. Balls). Bureaie 
of Ayricidiural and Industrial Chemistry, U. S. 
D. A., Albany, Cal. The preparations contained 
alpha-amylase free of maltase and maltase free of 
amylase respectively. The ratio of initial rates on 
raw’ and boiled starch is of one order of magnitude,, 
and increases with increasing amylase concentra- 
tion, The initial rate varies with the amylase con- 
centration in approximatelj’ linear fashion for 
boiled starch, and as the square root for raw starch. 
The two enzyme preparations together ultimately* 
convert all of the starch to glucose and maltose, but 
the maltase preparation has little effect on the: 
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initial rate of sugar fonuatiou. Although the quan- 
tity of glucose formed is iiulopciidont of tlie amount 
of amylase and varies with the maltnso concentra- 
tion, complete conversion to glucose alone has not 
hceu observed. The maltase preparation appears 
to act with raw and boiled starch similarly, but 
the former action is more noticeable, as the over-all 
rate of digestion is increased much more with raw 
starch. Both m.altosc and glucose inhibit the action 
of amylase, and the inhibition is removed by the 
addition of the maltnso preparation. Because of the 
similarity of inhibition by both sugars, the effect 
•of maltase cannot be e.vplaincd on the basis of a 
simple dextrin-maltose equilibrium. A study of 
possible reactions between glucose and other 
Aspergilhts enzymes is indicated. The results 
show no evidence pointing to an amylase-resistant 
coating on the starch granule as a major factor 
responsible for the relatively low susceptibility of 
raw starch to amylase action. [Part of this tmrk 
was done on Bankhcad-Joncs Funds.] 

The synthesis of glycine in the rat and guinea 
pig; conversion of serine to glycine. David 
Shemin. Dept, of Biochemistry, Columbia Unit'., 
New York. The synthesis of glycine in the animal 
■organism may involve compounds other than those 
containing two carbon atoms. In order to investi- 
gate the formation of glycine in t iro, amino acids 
and other possible precursors labelled with iso- 
topic nitrogen were injected intraperitoncally into 
fasting rats and guinea pigs, together with sodium 
benzoate. From a 24-hour sample of urine, hippuric 
acid was isolated and the Nu concentration deter- 
mined. The quotient of the isotope concentration 
•of the injected material by- the isotope concentra- 
tion of the hippuric acid is called the dilution fac- 
tor. In order to differentiate direct carbon utili- 
jzation from nitrogen utilization, the dilution fac- 
tors for isotopic glycine and isotopic ammonia were 
•determined; the latter was considerably higher, 
indicating relatively' little conversion. A dilution 
factor of magnitude comparable with that for 
glycine is evidence for the conversion of the test 
compound to glycine. 

In these animals evidence was obtained for the 
<lirect conversion of serine to glycine and a possible 
utilization of 1-gIutamic acid for the formation of 
glycine. Negative results were obtained with d- 
glutamic acid, and 1-alanine and 1 -leucine. The 
epnversion of serine to glycine does not take place 
through the intermediate of ethanolamin?, the 
•dilution factor for which was even higher than 
that for ammonia. The mechanism for the conver- 
sion of serine to glycine is being investigated with 
heavy’ carbon. It was found that the guinea pig 
utilizes ammonia for glycine formation far better 
than the rat. 

Metabolic studies on /5-phenyIethylamine and 
some of its derivatives. Fred H. Sxtder (by 


invitation), Hartiiann Goetze (by invitation) 
and Fred W. Oderst. Division of Biochemistry, Re- 
search Labs., IFwi. S. Mcrrdl Co., Cincinnati. 0- 
Phenylothylamiiio, d-mothyl-i?-phciiylctliy'lamine, 
N-mcthyl-/3-mcthy}-i3-phcnylethylamine (Vonc- 
drine), N-ethy!-N-mcthyl-d-mcthy’l-i3-phcnyl- 
ethylaminc, or-jnethyl-(l-phenylcthylaminc 

(-■Vmphetamino, Benzedrine), a-methyl-/3-hy- 
droxy-/3-phenylethy]nminc (Propadrinc), N- 
mcthyl - a - methyl - 0 - liydroxy - 0 - phenylethyl- 
aminc (Ephedrinc), N-ethyl-N-methyl-«-methy'l- 
d-hydroxy-d-phcnylethylamine (Nethamine), 
/S-hydro.vy’-d-phcnylethylamine, and 0-hy'dro.xy-^- 
mcthy!-/3-phcnylcthyIamine have been studied 
from the standpoints of (I) rate of deamination in 
the presence of liver amine oxidase and (2) extent 
of excretion in the white rat following subcutaneous 
administration. 

The conclusions of other workers concerning the 
relation of structure to susceptibility to oxidation 
by’ amine oxidase have been substantially’ con- 
firmed. 

The urinary’ c.vcretion of compounds that are 
attacked by amine oxidase is very' low. A methyl 
substituent in the a-position prevents o.xidation 
by’ the enzyme and also diminishes destruction of 
the compound in the body. The introduction of 
two substituent groups (hydroxyl and methyl) 
in the ^-position increases resistance to enzymatic 
oxidation and to metabolic breakdown in the intact 
animal. A tertiary’ amine, unsubstituted in the «- 
position, was excreted in only’ small amounts al- 
though not attacked by amine oxidase. 

The apparent conjugation of certain compounds 
having a hydroxy'l group in the ^-position has been 
demonstrated. 

The excretion of Nethamine as influenced by 
feeding a diet containing one or three per centof 
ammonium chloride or of sodium bicarbonate has 
been studied. It was found that larger amounts of 
the amine are excreted on the acid diet. 

The possible relationship of these findings to the 
mechanism of deamination of amino acids is 
discussed. 

Estimation of calcium in serum before and after 
electrodialysis. Albert E. Sobel, Nathan A. 
Solomon (by invitation) and Benjamin Kramer. 
Division of Biochemistry and Pediatric Research 
Laby., The Jewish Hospital of Brooklyn. Calcium 
determinations done on the contents of the cathode 
chamber of electrodialy’zed serum, gave consis- 
tently’ higher results than direct precipitation as 
the oxalate of the same serum. This diagreement 
may be due to the presence of unionized calcium 
comple.xes such as citates, not completely pre- 
cipitated by oxalate. 

To further investigate the problem, known 
amounts of citrate solutions were added to serum. 
The pH was adjusted to 5.0 with HCl and calcium 
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determinations done. The citrated serum gave 
iower results than the serum direct!}^ precipitated. 
Electrodialysis of the citrated serum, however, 
gave values higher than the original values ob- 
tained on the serum without citrate addition. 

Electrodialysis is therefore suggested as a pre- 
liminary step in the accurate determination of 
calcium in serum. The advantages of electrodialysis 
over ashing or trichloracetic acid filtrate as the 
method used are as follows ; 

1. No loss or splattering as in dry ashing. 

2. No addition of reagents which maj^ contain 
calcium as in trichloracetic acid precipitation or 
wet ashing. Also, in trichloracetic acid precipita- 
tion there may be volume changes which are un- 
accounted for in calculations. 

3. Only one anion is present in the electro- 
dialysate which, theoretically, permits the forma- 
tion of a precipitate of more constant composition. 

Spectrophotometric study of a new colorimetric 
reaction of vitamin A. Albeht E. Sobel and 
Harold Werbin (by invitation). Pediatric Re- 
search Labij., Jewish Hospital of Brooklyn. Spec- 
trophotometric data are presented for the reaction 
of glycerol 1,3-dichlorohydrin (GDH) with vita- 
min A and with carotene. GDH possesses two ad- 
vantages over SbCla ; (1) it can be used as it comes 
from the bottle, and (2) the color produced by its 
reaction with vitamin A. is stable for at least 8 
minutes. 

Vitamin A reacts with GDH to produce an im- 
mediate blue color which has an absorption maxi- 
mum at 625 nifj and an Ej^ of 1710. The blue color 
changes into a more stable (2 to 10 minutes) violet 
color which exhibits an absorption maximum at 
550 m^i and has an Ej^ of 1240. The violet color 
obeys Beer’s Law up to a concentration of 25 I.U. 
of vitamin A. 

The stabilitj' of the violet color permitted the 
determination to be carried out even in a visual 
colorimeter. 

Vitamin A determinations were performed on 
several samples of saponified and unsaponified fish 
liver oils by means of the GDH and SbCIj reac- 
tions. .\greenient between both methods was good. 

Carotene reacts with GDH giving a green color 
stable from 6 to 15 minutes and which has one ab- 
sorption maximum at 475 m^ and another at 625 
ma. 

Interference of carotene upon the reaction of 
SbCb with vitamin and the reaction of GDH 
with vitamin A at the end of 5 seconds (immediate 
blue color) and at the end of 6 minutes (stable 
violet color) were investigated. The carotene inter- 
ference was least in the GDH reaction at the end 
of 5 seconds. 

Distribution of ketone bodies in the organism. 
Michael Somocyi and Ikeke E. Stark (by invi- 
tation). Jewish Hospital, St. Louis. Beta-hydroxy- 


butyric acid and acetoacetic acid were determined 
in the liver, muscle and blood of healthy rabbits. 
Because of the very small amounts of ketone bodies 
in well fed animals, procedures had to be elaborated 
for the microanalysis of muscle and liver. The 
customary techniques jdeld grossly distorted 
results. 

Our findings are ; 1 . The concentration of total 
ketone bodies is considerably higher in the liver 
than in the other tissues ; between blood and muscle 
there is little difference. 2. In the liver, over 90 
per cent of the ketone bodies is /S-hydroxybutyric 
acid; the slight, sometimes negligible, amounts of 
acetoacetic acid are probably in the fluids of the 
extracellular spaces. In blood and muscle aceto- 
acetic acid is roughly one-third of the total ketone 
bodies. 

These facts suggest that since the liver cells, the 
site of origin of ketone bodies, contain virtually no 
acetoacetic acid, /3-hydroxybutyric acid is the 
mother substance that is formed in the oxidation of 
fatty acids and amino acids. The reversible con- 
version to acetoacetic acid, then, takes place in the 
extrahepatic tissues. 

The determination of choline via its reineckate. 
Warren M. Sperry and Florence C. Brand 
(by invitation). Dept, of Biochemistry, New York 
State Psychiatric Inst, and Hospital, New York. 
A modification of the oxidizing and color-develop- 
ing procedures of Marenzi and Cardini (J. Biol. 
Chem. 147: 363 (1943)) was employed in deter- , 
mining the solubility of choline reineckate in 
various solvents at 0° and room temperature. The 
results indicate that considerable losses in the 
solvents used for washing the precipitated choline 
reineckate may occur under the conditions of 
several published methods for choline determina- 
tion. In the Marenzi-Cardini procedure this solu- 
bility is greater than the choline reineckate 
equivalent of the smaller quantities of choline 
which, the authors state, can be determined with 
their method. In other methods where the minimal 
amounts of choline determined are much higher 
this potential error is much less, but it is by no 
means negligible, being about 30 per cent in some 
cases. The good results which have been reported 
probably represent an approximate compensation 
between solubility losses and reinecke salt which is 
not washed out. 

The solubility of choline reineckate in thd 
butanols is very small, while the solubility of 
specially purified reinecke salt is sufficiently large 
to permit their use as solvents in the determination 
of choline via the reineckate. With a combination 
of sccondarj' and tertiary butanols it is possible to 
determine as little as 10 micrograms of choline. A 
brief description of the procedure will be given . 

Spectrophotometry of cerebrospinal fluids fol- 
lowing concussion. M. Spiegel-Adole, G. C- 
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IIen-ny (by invitation), II. T. Wycis (by invita- 
tion) and E. Si'IEoei,. Dept. Colloid Chemistrp and 
Exp. Neurology, Temple Unit'. Sehool of Medicine, 
Philadelphia. An attempt has been made to find in 
tlie cerebrospinal fluid (esf), following cerebral 
concussion, a correlate to cellular changes in the 
central nervous system. The csf’s were studied 
spcctrophotomotrically in patients who had sus- 
tained a concussion as well as in cats and dogs in 
which acceleration concussion has been produced 
by means of graded blows produced by a pendulum. 
In both series, the csfs showed an absorption band 
in ultraviolet light with a peak at about 2650 A, 
besides the normal end absorption. This change 
was demonstrable within a few hours following the 
cerebral trauma and persisted for more than a 
week. It was observed while the protein content of 
the csf was normal and in the absence of blood. 
Barbiturates, the absorption bands of which inter- 
fere, were avoided. Since purin and pyrimidin 
groups give similar absorption bands, the presence 
of cleavage products of nuclear substances in the 
csf seems probable. This assumption is supported 
by the fact that nerve cells in the state of chroma- 
tolysis show changes in concentration of ribonu- 
cleotide (Gersh and Bodian), and that chromato- 
lysis is found in various parts of the cerebrum 
following concussion (Magoun andWindle). Simi- 
larly, as in our study of esf’s following electrically 
induced convulsions (These Proceedings, Spiegel- 
Adolf and Spiegel), spectrophotometry permits one 
to detect in the csf substances indicating cellular 
injury in'the central nervous system. This method 
may be an aid in the differential diagnosis of or- 
ganic changes and functional disorders in cases of 
head trauma. [Aided by grant from the J. and M. 
Markle Foundation.] 

X-ray diffraction studies on fish bones. M. 
Spiegeu-Adolt and G. C. Hewny (by invitation). 
Dept, of Colloid Chemistry and Physics, Temple 
Univ. School of Medicine, Philadelphia. In sys- 
tematic x-ray diffraction studies of bones, fish 
bones were used to good advantage because of the 
relative thinness and moderate x-ray opacity of 
these structures. Both unchanged and decalcified 
bones were used. For these studies a cylindrical 
camera of a 50.8 mm. radius was constructed. The 
specimen is rotated around its longitudinal axis 
which is parallel with the slit of the diaphragm. 
Besides, the usual flat cameras were used. 

An x-ray diffraction study of the non-decalcified 
. fish bones shows a pattern rich in lines. The three 

, most prominent ones in decreasing sequence of 

, intensity correspond to spacings of 2.73, 1.76, 
,, 2.22 A. These and other spacings are in good agree- 

I ment with findings of Reed and Reed (Am. J. 

Physiol. 138: 34, 1942) in rat bone and apatite. 
], Existing small variations may be accounted for by 
existing differences in the chemistry of fish bones 


(Hammarsten). After dccalcification the previ- ' 
ously observable orientation becomes more plainly 
manifest. In a lower rib which apparent!}’ has to 
resist lateral pressure, the x-ray diffraction pattern 
of thedccalcificdribispractically identical with the 
pattern of the tendon. Astbury has shown in keratin 
that a sidewise acting squeeze has an effect similar 
to stretching. In an upper rib (clupca) in which the 
pressure acts mostly against the longitudinal axis 
only one pair of orientation points is detectable. 
They become weaker when the rib is stretched 
under weight, confirming thus the assumed direc- 
tion of stress. After boiling, a marked sharpening 
of the back bone reflection becomes manifest, while 
the x-ray diffraction pattern of the calcified bone 
remains unchanged. 

Spectrophotometric findings in cerebrospinal 
fluid following electrically induced convulsions. 
M. Spiegel- Adolf and E. Spiegel. Dept, of Colloid 
Chemistry and Experimental Neurology, Temple 
Univ. School of Medicine, Philadelphia. Con- 
tinuing our studies (Fed. Proc. 3: no. 1, 1944) on 
the effect of electrically induced convulsions upon 
the cerebrospinal fluid in dogs, we found in spec- 
trophotometric studies, before the convulsions and 
absorption only. Following a series of 6-7 convul- 
sions at 2-3 day intervals, there was regularly an 
absorption band between wave length 2550 and 
2850 A (maximum between 2650 and 2700 A). 
Since an abnormal protein content could be ex- 
cluded, and barbiturates had not been adminis- 
tered to the dogs, the absorption band probably is 
due to abnormal amounts of nucleic acids or their 
constituents, belonging to the pyrimidine-purine 
group. While uric acid was not increased, traces of 
thymonucleic acid were detected by Dische’s 
diphenylamin method in the cerebrospinal fluid 
following the convulsions. These findings suggest 
a breakdown of nuclear substances under the in- 
fluence of the convulsions, as indicated by histo- 
logic studies. 

Chromosin. I. On the size and shape of the 
particles in solution. Kubt G. Sterx, Ruth 
Beloff (by invitation) and Sanford Davis (by 
invitation). Dept, of Chemistry, Polytechnic Inst., 
Brooklyn. The desoxyTibonucleoprotein (chro- 
mosin) contained in the nuclei of avian erythroctes 
was isolated essentially according to Miisky and 
Pollister (Trans. N. Y. Acad. Sci. Ser. II, 5: 190 
(1943)). The extraction, purification, and all sub- 
sequent measurements were performed on 1 M. 
NaCl solutions of the protein. 

Chromosin prepared in this manner was found 
to be monodispers and homogeneous upon ultra- 
centrifugal and electrophoretic examination. It 
was free of hemoglobin. The material sedimenting 
with a sharply -defined- boundary at high dilution 
(0.06 per cent) had a sedimentation constant of 
31 Svedberg units. The diffusion constant at the 
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same concentration was found to be D 200 = 1 X 
cmVsec. The insertion of these constants in 
Svedberg’s equation yields a molecular weight for 
this component of 2.2 X 10®. The frictional ratio, 
f/fo, equals 2.5, indicating an axis ratio of 35:1. 

The above values are very similar to those re- 
ported by Carter (J. Am. Chem. Soc. 63: 1960 
(1941)) for calf thymus nucleohistone, but they 
are sufficiently different from those reported by 
Tennent and Vilbrandt (ibid. 65: 424 (1943)) for 
sodium thymonucleate to render it unlikely that 
the sedimenting boundary observed in strong salt 
solutions in the present experiments is due to free 
thymonucleic acid rather than to the intact nucleo- 
protein. 

Chromosin shows a strong absorption maximum 
in the ultraviolet region of the spectrum, centered 
at 2600 A. [This work was aided hy a grant Jrom the 
Carrie S. Schcuer Foundation of New York City.] 

Chromosin. II. Rheological properties. Kuet G. 
Stern, S. C. Shen (by invitation) and Pat 
Macaltjso (by invitation). Dept, of Chemistry, 
Polytechnic Inst., Brooklyn. The viscosity of 
chromosin solutions, prepared from the nuclei of 
avian erythrocytes, was studied at various concen- 
trations and velocity gradients, using Ostwald 
viscosimeters. Dilute solutions of this nucleo- 
protein in 1 M. NaCl exhibit a high viscosity (e.g. 
ijrct. = 8.57 at 0.5 per cent protein concentration). 
Upon increasing the air pressure on the viscosim- 
eter the viscosity decreases markedly : from 8.57 
at atmospheric pressure to 4.8 at 18 mm. Hg addi- 
tional pressure, at 30'’. This behavior is char- 
acteristic of particles possessing a high degree of 
asymmetry. 

The addition of 1 part of a cationic detergent 
(benzyl trimethyl alkyl ammonium chloride) to 
1.25 parts of chromosin produces an immediate 
increase of 50 per cent in the relative viscosity 
which then remains unchanged for over 16 hours. 

Chromosin solutions, when examined between 
crossed Nichols while being subjected to various 
shearing stresses, exhibit a marked double refrac- 
tion of flow. The extinction angle approaches zero 
at relatively low shear forces, thereby indicating a 
high degree of orientation of the elongated particles . 

Chromosin and chromosin-cationic detergent 
mixtures, when extruded from a spinnerette into 
distilled water yield fibers exhibiting considerable 
strength and a negative birefringence. The x-ray 
diffraction patterns obtained with such fibers and 
with chromosin solutions while flowing through 
capillaries are being studied in this laboratory by 
Dr. I. Fankuchen and Mrs. 11. Beloff. [This toork 
was aided by a grant from the Carrie S. Schcuer 
Foundation of New York City.] 

Carbohydrate metabolism studied with the aid 
of deuterium. DeWitt Stetten, Jr., George E. 
Boxer and Babette Klein (by invitation). Dept. 


of Biochemistry, College of Physicians and Stir- 
geons, Columbia Univ., New York. In continuation 
of previously published work (J. Biol. Chem. 155: 
231, 237, 1944; ibid; 156: 271, 1944), the uptake 
of deuterium from body water into glycogen of 
liver and muscle of rats has been studied under 
various conditions of diet and disease. Reasoning 
from postulates previously laid down, it could be 
shown from the isotope data that the glycogen 
deposited in the liver of the previously fasted rat in 
response to adrenalin was derived from blood 
lactate, in confirmation of the work of Cori. 

The glycogen synthesized in liver and in muscle 
by the previously fasted rat given insulin paren- 
terally and glucose by stomach tube was poor in 
deuterium, indicating that the process of glyco- 
genesis favored by insulin was the direct coupling 
of hexose molecules. The glycogen deposited by 
diabetic rats was rich in deuterium and is believed 
to be formed in good part from fragments smaller 
than hexose. 

The depression of lipogenesis in the (alloxan) 
diabetic rat has been confirmed, this time in a rat 
receiving alanine instead of glucose. No such 
marked depression of fatty acid synthesis occurred 
in the phlorhizinized rat. Comparison of the deu- 
terium contents of the urinary glucose obtained 
from the phlorhizinized and alloxan-poisoned rats 
revealed that the quantity of glucose synthesized 
in vivo in the animal deficient in insulin, poisoned 
with alloxan, was no greater than the correspond- 
ing quantity in the phlorhizinized rat, presumed 
to have normal islet tissue. 

Pyruvic oxidase of proteus vulgaris. P. K. 
Stumpf (introduced by D. E. Green). Dept, of 
Medicine and Biochemistry, College of Physicians 
and Surgeons, Columbia Vniv., New York. Proteus 
vulgaris contains an enzyme which catalyzes the 
oxidation of pyruvic acid to acetic acid and CO:- 
For every molecule of pyruvic acid oxidized, one 
atom of oxygen is consumed and one molecule each 
of acetic acid and COz are formed. The enzyme ap- 
pears to be a complex consisting of (1 ) a specific 
protein, (2) diphospho thiamin, and (3) a divalent 
metal, probablj'’ magnesium. As prepared, the 
enzyme is partially dissociated and requires the 
addition of both diphosphothiamin and some 
divalent metal to attain maximum activity. The 
intact bacterial cell contains a phosphatase which 
can split diphosphothiamin to thiamin. This phos- 
phatase, although absent in the final preparation of 
pyruvic oxidase, may well account for the splitting 
off of diphosphothiamin from pyruvic oxidase. 

The pyruvic oxidases of Proteus vulgaris and 
Escherichia coli appear not to require inorganic 
phosphate for activity. Moreover, in the presence 
of 0.1 M phosphate, acetyl phosphate is not formed. 
P 3 ’rophosphate in 3.4 X 10~® M concentration 
inhibits the cnzj’mc activitj- complctelj' but this 
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inhibition is reversed by 0.7 X 10*’ M diphospho- 
Ihiiiniin. 

Tl)c enzyme is obtnined by disintcgriitiiig colls 
of Proteus vulgaris with ultrasonic vibrations, by 
separating the juice from intact cells and cellular 
debris through fractional centrifugation, and finally 
by precipitating with acetic acid. The enzyme is 
associated with macropart iclcs which can be sedi- 
mented in strong gravitational fields. 

Studies on phosphatase-containing enzyme 
preparations for hydrolysis of cocarboxylase in 
brewers* yeasts and wheat embryo. Baun’ett 
Sure. Depi. of Agricultural Chcmistrn, Untv. of 
Arkattsas, Faycllcvillc. Optimum pH . Two brewers’ 
type yeasts were used containing 60 to GO per cent 
of their thiamine in combined form. Maximum 
yields were not obtained until the pH was at least 
4.4 in order to activate the cocarbo.vylase hy- 
drolyzing phosphatase. On the other hand, in com- 
mercial wheat cmbrj’O, containing about 40 per 
cent combined thiamine, over 90 per cent of maxi- 
mum yields were obtained at as low a pH as 2.0. 
These results suggest that cocarboxylasc may exist 
in different combinations in various foods or food- 
products. 

Relative cfficieney of various commercial prepara- 
tions. Takadiastase, olarase, polidase, and mylase 
were used in 10, 1, and 0.1 per cent concentrations 
as sources of phosphatase for hydrolyzing cocar- 
' boxylase in brewers’ type yeasts. Polydase was the 
poorest and takadiastase and mylase wore found to 
be the most potent sources. 

Destruction of phosphatase in dilute acid. Three 
minutes contact of the cocarboxylase hydrolyzing 
phosphatase contained in commercial preparations 
in destroyed at a pH of 1.8 but is uninjured at a pH 
■of 2.2, when used on brewers’ type yeasts. 

Intestinal synthesis of nicotinic acid and “folic 
acid” in rats on various diets. Lester Tepet 
(by invitation), Wieeard Krehl (by invitation) 
and C. A. Eevehjeii. Dept, of Biochemistry, Univ. 
of Wisconsin, Madison. Several attempts to pro- 
•duce a nicotinic acid deficiencjrin the rat through 
suppression of the intestinal flora have been unsuc- 
cessful. Dann (J. Biol. Chem. 141: 803, 1941) has 
concluded that the rat does not depend on intestinal 
synthesis for its nicotinic acid. The problem was 
attacked by first determining which diets (carbohj'- 
drate changes in particular) cause the least amount 
•of synthesis of nicotinic acid in the gut. With this 
information at hand, highly purified rations were 
prepared to which sulfasuxidine or sulfaphthalidine 
were added at levels up to 4 per cent. The growth 
•of rats on these diets, which contained a specially 
prepared norite eluate from solubilized liver ex- 
tract to supply “folic acid,” was markedly inferior 
to the growth obtained on the same diets with 
•added nicotinic acid. 

Microbiological assays were used for the estima- 


tion of nicotinic acid and “folic acid” in the cccal 
contents of the rats which had been on certain diets 
for varying periods of time. Dextrin and lactose 
caused greater production of nicotinic acid and 
“folic acid” than glucose or sucrose. Inclusion of 
15 per cent skim milk powder in the sucrose basal 
ration caused a marked increase in the “folic acid” 
content of the intestinal contents; the addition of 
sulfasuxidine reduced the “folic acid” content to 
that obtained with the sucrose basal ration plus 
sulfasuxidine. On skim milk powder rations, the 
type of fat added markedly affected the amount of 
nicotinic acid produced in the cecum. 

Molecular weights of liver glycogen from ani- 
mals fed glucose and galactose. Frank K. Thosip- 
so.v (by invitation) and Edwaro S. West. Dept, of 
Biochemistry, Univ. of Oregon Medical School, 
Portland. Bell (Biochem. J. 30: 1612, 1936), from 
data by Haworth’s methylation end-group assay 
method, concluded that rabbit liver glycogen 
formed from galactose is composed of 18 glucose 
units while that from glucose contains only 12 units 
per molecule. Meyer (Helv. Chim. Acta, 24, 375 
(1941) considers glycogen to consist of branched 
aggregates of glucose, in which case Haworth’s 
method would be invalid. 

Liver glycogen from rabbits and rats fed galac- 
tose and glucose according to Bell, was prepared 
according to Bell’s method, with subsequent elec- 
trodialysis. 

The molecular weights of the above glycogens 
were obtained by permanganate oxidation in 1:1 
H-SOi at 90-95°C by' potentiometric titration of 
10 mg. samples of glycogen and of glucose. If R = 
weight of permanganate for oxidation of glycogen 
divided by permanganate for oxidation of glucose, 
Mp = molecular weight of glycogen, Mm = molecu- 
lar weight of glucose, then the molecular weight of 
glycogen is calculated by the equation ; — 

Mp = Mm ^9 995^_ 8.9964 r) 

” (9.9964 - 8.9964 R “ 

Eight samples of glucose required an average of 
27.332 mg. of KMnO< for oxidation. Thirteen sam- 
ples of glycogen from galactose rats required 30.223 
mg. Ten samples from galactose-rabbits required 
30.221 mg. Galactose-glycogen molecular weight 
was 3,746, representing 23 glucose units. 

Six glycogen samples from glucose-rats required 
30.225 mg. of KMn04, and ten samples from glu- 
cose-rabbits required 30.211 mg. Glucose-glycogen 
molecular weight was 3,584 representing 22 units. 

Preparation of glycolytic extracts and homoge- 
nates from brain and cord. Merton F. Utter and 
John M. Reiner (introduced by Harland G. 
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Wood). Dept, of Physiology, Univ. of Minnesota, 
Minneapolis. An investigation of the means for pre- 
paring and testing brain and spinal cord homoge- 
nates and extracts (centrifuged homogenates) has 
been carried out with the ultimate aim of using 
such systems for the assay of glycolytic enzymes. 

Brain extracts have been previously reported to 
contain an inhibitor whose activity was intensified 
by increasing enzyme concentration or by prolong- 
ing the reaction time (Geiger, Biochem. J. 34 : 465, 
1940). This inhibitor has been found to be a nucleo- 
tidase which inactivates diphosphopyridine nucleo- 
tide (DPN). Inactivation can be prevented by 
addition of nicotinamide or by incubating the 
extract with DPN and NaHCOs previous to the 
start of the reaction. 

With proper additions, homogenates have been 
obtained from both brain and cord of rats which 
exhibit QCO; values of 50-75 and 40-50 respectively 
as compared with values of 30-50 for brain extracts 
and 25-35 for cord extracts. For maximum activity 
of homogenates and extracts the following com- 
ponents, in addition to glucose and buffers, must be 
added : hexosediphosphate, adenosinetriphosphate, 
MgCU, DPN, and nicotinamide. The QcOj values 
of fortified homogenates far exceeds glycolytic 
rates reported for brain homogenates in which no 
provision for addition of substances other than 
substrate, salts, and buffer (Racker and Kabat, J. 
Exp. Med. 76 : 579-585, 1942) have been made. The 
very small fraction of the potential activity ex- 
hibited by such preparations invalidates any 
attempt to use unfortified homogenates in the assay 
of glycolytic enzymes since enzyme concentrations 
will not be limiting factors. 

Excretion of urinary corticoid hormones. Euea- 
NOR H. Venning and J. S. L. Browne. McGill 
Unit'. Clinic, Royal Victoria Hospital, Montreal. 
Excretion of corticoid hormones as measured by 
glycogen deposition in the liver of fasted adrenal- 
ectomized mice has been studied in patients follow- 
ing damage and in various endocrine disturbances. 
The standard used at present is the Adrenal Corti- 
cal Extract of the Connaught Laboratories and the 
urinary^ biological activity is expressed in tei-ms of 
equivalent activity of cc. of this extract. 

It has been found that acidification of the urine 
to pH 1 prior to extraction greatly enhances the 
biological activity. Under these conditions normal 
males excrete an average of 0.65 cc. and normal 
females 0.30 cc. per day. 

In two cases of Addison’s Disease no urinary 
corticoid activity was found. In one case of Sim- 
mond’s Disease the urine contained no detectable 
biological activity, however following the adminis- 
tration of corticotrophin over a period of 3 days, 
the equivalent of 0.39 cc. per 24 hours were ex- 
creted. 

In one case of anorexia nor\-osa the urine con- 


tained normal amounts. Six cases of essential hy- 
pertension were investigated (3 males and 3 fe- 
males), but no increase in the excretion of corticoid 
hormones could be detected. 

Following severe burns in 3 cases, there was an 
immediate rise in urinary corticoid activity which 
in one of the cases reached a level ten times the 
normal value. This excretion remained high for 
approximately 3 weeks and then fell to normal 
levels. 

Four cases of damage caused by an exploding 
mortar were followed overaperiod of several weeks. 
The urinary activity rose abruptly in response to 
damage and remained high. 

The antiscorbutic properties of 3-mefhyl ascor- 
bic acid. Carl S. Vestling and Milbred C. Reb- 
STOCK (introduced by W. C. Rose) . Division of Bio- 
chemistry, Univ. of Illinois, (7r6aTia. In connection 
with a study of certain ascorbic acid derivatives, 
the antiscorbutic properties of 3-methyl ascorbic 
acid have been reinvestigated (Bezssonov, N., and 
Sacrez, R., Compt. rend. soc. biol., 124: 356 
(1937)). 

Young male guinea pigs have been used in the 
experiments to be reported, and both the protec- 
tive and the curative techniques have been em- 
ployed. In these experiments scorbutogenic diets 
have been supplemented by either pure, crystalline 
3-methyl ascorbic acid or by ascorbic acid. 

The results indicate that 20 mg. per day of 
3-methyl ascorbic acid will protect guinea pigs on a 
scorbutogenic ration against scurvy and will result 
in essentially normal growth. This amount is also 
effective in curative experiments. Smaller doses 
result in diminished responses. It is of interest to 
note that similar results have been obtained 
whether the compound has been fed or injected 
intraperitoneally. 

It is apparent that only a small fraction of the 
3-methyl ascorbic acid is available to the guinea 
pig, irrespective of the mode of administration. 
After injection excretion by the small intestine 
cannot be excluded. It seems reasonable to suggest 
that limited hydrolysis takes place either in the 
intestine or in the tissues, and that the unhy- 
drolyzed material is excreted in the urine. Experi- 
ments designed to investigate this aspect arc now 
in progress. 

A chemical method for the determination of 
glutamic acid. Heinrich Waelsch and Blanche 
A. Prescott (by invitation). Dept, of Biochemis- 
try, New York Stale Psychiatric Inst, and Hos- 
pital, Ncio York. Glutamic acid is the only known 
amino acid which under the action of ninhydrin is 
converted into an acid aldehyde : formyl propionic 
acid. In the method to be described this aldehyde 
is coupled with 2,4-dinitrophenylhydrazine and 
the acid hydrazonc is extracted into an organic 
solvent and reextracted with carbonate solution- 
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The reddish-brown color, which develops on the 
•Addition of alkali, is read in the colorimeter. In the 
r-angc studied corresponding to 6-50 t of glutamic 
acid, the color developed by the synthetic hydra- 
zone obeys Beer’s taw. Ring formation of the hydra- 
zone in .acid solution, its stability in aqueous solu- 
tions over a range of pH values, and its distribution 
between aqueous solutions and organic solvents 
were studied. Of the other amino acids tested only 
aspartic acid gives an acid hydrazone in varying 
yield, probably by a secondary reaction. The sepa- 
ration of the hydrazoncs was attempted without 
success by distribution between difTcrent solvents, 
by varying the pH and by chromatographic analy- 
sis. The separation in the range of 10 to 50^ of 
glutamic acid from aspartic acid and other amino 
acids was accomplished by adsorptionon aluminum 
oxide and elution noth acetic acid. 

Significance of the effects of x-ray on lymphoid 
tissue. Abraham White and TuoiiAS F. Dough- 
erty (by invitation). Dept, of Physiological Chem- 
istry and Anatomy, Yale Univ., Keiu Haven. The 
similarity in the effects of x-rays’ and of pituitary- 
adrenal cortical secretion on numbers of blood 
lymphocytes* and Ij-mphoid tissue* suggested the 
possibility that X-rays acted via the pituitary- 
adrenal cortex relationship. 

CBA mice, 60 to SO days old, received total body 
radiation. A large dose (200 r) produced, within 3 
hours, decrease in adrenal cholesterol, lympho- 
penia, tissue lymphocyte degeneration, and total 
serum protein and gamma globulin increases . These 
changes also occurred in one day post-operative 
adrenalectomized mice receiving 200 r. This dose 
also gave an anamnestic response in previously 
immunized mice in the absence of the adrenals. 

I It was found that 10 r produced the same physio- 
logical alterations, including the anamnestic re- 
sponse, in normal, but not in adrenalectomized, 
mice. Therefore, 10 r influence lymphoid tissue 
function by augmenting pituitary-adrenal cortical 
secretion. Large doses may produce lymphocyte 
degeneration without endocrine mediation. 

The release from lymphocytes of gamma globulin* 
and antibodies* is under pituitary-adrenal cortical 
control. Large radiation doses directly release 
lymphocyte protein without this endocrine media- 
tion. This is further proof that adrenal steroids 
produce hyperglobulinemia by their degenerative 
actions on lymphocytes. 


t Downey, H, Handbook of Heraatologj'. vol. 4, chapter 39. 
Paul B. Hoeber, Inc., Now York. 1938, 

* Dougherty, T. F. and A. White. Endocrinology 35: 1 , 1944. 
r White, A. and T. F. Dougherty. Proc, Soc. Exper. Biol, and 

Med. 56: 20. 1944. 

r White, A. and T.F. Dougherty, Abe. Proc. Am, Chem. Soc., 
New York, Sept. 1944; Endocrinology, in press. 

* Dougherty, T. F., J. H. Chase and A, White. Proc. Soc, 
Exper. Biol, and Med. 57: 2S?i'i944'..' i--. 


The effect of diet on the basal metabolic rate of 
mice. Florence R . White (introduced by Jesse 
P. Grconstcin). National Cancer Inst., Belhesda, 
Md. A diet sufficiently restricted in cystine to keep 
weanling mice from growing, has been shown to 
change the incidence of spontaneous mammary 
tumors in strain C3H female mice from 97 per cent 
to zero.' Later work* showed that this suppression 
of tumor formation was duo to lack of estrus. 

Mice fed tlic low cystine diet from weaning wore 
always small, and might bo said to appear stunted. 
Since sexual activity is abolisiied by underfeeding, 
and since inanition is also accompanied by a lower- 
ing of the basal metabolic rate, it seemed possible 
that such mechanisms might be operating in these 
mice. Accordingly the basal rate of oxygen utiliza- 
tion of strain C3H virgin female mice was deter- 
mined witli Mitchell's modification of Haldane’s 
open circuit apparatus.* The mice had been fed 
either tlic low cj'stine diet, or the same ration sup- 
plemented by cystine for from 3 to 15 months before 
the basal metabolic rates were determined. Results 
show that the rate of oxygen consumption is essen- 
tially the same in the two groups. 

Proteins in chylous ascitic fluids and the pos- 
sible relationship to the origin of plasma proteins. 
Vernon A. Wilkerson. Dept, of Biochemistry, 
Howard Univ. School of Medicine, Washington. 
The fluid from two cases of chylous ascites was 
studied. This is a rare condition caused by the ob- 
Bthiction or injury of the receptaculum chyli or 
the thoracic duct and offers an opportunity to 
study certain characteristics of chyloud fluid. 

The fluid contained 2,01 per cent of total protein 
which, upon isolation, was found to be a globulin. 
The isoelectric point of the protein was at pH 4.6 
and its nitrogen distribution agreed favorably with 
the nitrogen distribution of the globulin of blood 
plasma. More significant was the total absence of 
albumin. In previous studies the proteins of chy- 
lous ascitic fluids were characterized as albumins 
on the basis of coagulability. 

The presence of globulin in this fluid and the 
total absence of albumin, a more diffusible mole- 
cule, gives additional evidence to support the 
theory that the globulin of the blood plasma is 
derived from the reticulo endothelial system of the 
lymph nodes and is supplied to the blood stream 
through the thoracic duct. 

The presence of globulin and the absence of albu- 
min also offers a method of distinguishing true 
chylous ascites from pseudochylous ascites. 

The specific gravity, ash, fat and carbohydrate 
contents of the fluid were determined. 

» J. White and H. B. Andervont. J, Nat. Cancer Inst. 3; 449, 
1943. 

* F. R. AVhite and J. White, J. Nat, Cancer Inst. 4: 413, 1944. 

» H. H. Mitchell and G. G. Carmen. Am. J. Physiol. 76: 3S5, 
192S. 
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TPosition of heavy carbon, fixed from sodium bi- 
carbonate, in glucose from rat liver glycogen. 
Hakland G. Wood, Victob Lorber and Nathan 
Lifson. Dept, of Physiology, Univ. of Minnesota, 
Minneapolis. The glycogen of rat liver was isolated 
following intraperitoneal administration of heavy 
carbon bicarbonate and feeding of glucose by stom- 
ach tube. The position of the labelled carbon in the 
glucose from the glycogen was determined by bac- 
terial and chemical degradation. Lactic acid from 
the bacterial fermentation was oxidized with per- 
manganate to acetaldehyde and carbon dioxide. 
The acetaldehyde was further degraded by the 
iodoform reaction to iodoform and formic acid. By 
this method carbons number 1 and 6, 2 and 5, and 
3 and 4 of the glucose were obtained as separate 
fractions. The chemical degradation involved con- 


version of the glucose to methyl glucoside and oxi- 
dation with periodic acid. Carbon number three 
was split out as formic acid leaving a methylated 
dialdehyde. The dialdehyde was then hydrolyzed 
and oxidized with periodic acid giving carbon num- 
ber six as formaldehyde and carbons 1, 2, 4, and 5 
as formic acid. 

The results show that carbon dioxide carbon is 
fixed in positions three and four of the glucose and 
that the concentration of is probably equal in 
each position. These observations are in accord 
with, but do not necessarily prove the mechanism 
of glycogen synthesis as proposed by Solomon el al. 
(J. Biol. Chem. 140: 171 (1941)). The distribu- 
tion in the glucose and in the lactic acid obtained 
by bacterial degradation of this glucose is consist- 
ent with that predicted by current concepts of 
glycolysis. 
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Pharmacological effects of ^-piperidinoethyl 
a-methyl-p-xenylacetate HCl, )3-diethylamino- 
ethyl phenyl-oc-thienylacetate HCl and /3-diethyl- 
aminoethyl phenyl-a-thienylglycolate (a-thienyl- 
hydroxyacetate) HCl. Benedict E. Abreu and 
Elizabeth Troescheb-Elam (by invitation). 
Divisio7i of Pharmacology and Experimental Thera- 
^ pcutics, Univ. of California Medical School, San 
Francisco. By means of tandem balloons and Har- 
vard membrane manometers, studies on colonic 
spasmoiysis were made on 5 unanesthetized dogs, 
12 rabbits anesthetized with 2.0 cc./kg. paralde- 
hyde, intragastrically, and 4 monkeys (Macacus 
rhesus) premedicated with 20 mgm./kg. sodium 
pentobarbital, intraperitoneally. hlorpbinc was 
employed as the spasmogenic agent in dogs and 
monkeys, and pilocarpine in rabbits. Additional 
observations were made on : (1 ) such parasympa- 
tholytic effects as arc evidenced by cardiac accel- 
eration, mydriasis and cycloplegia and (2) central 
nervous system activity. 

dogs and rabbits, spasmolj'sis was produced by 
0.1 mgm./kg. I.V. doses of the p-xenylacctate and 
a-thienylacetate for 3 to 7 minutes and by 0.1 
mgm./kg. I.V. doses of the a-thienylglycolate for 
15 to 30 minutes. 

Since / 3 -diethylaminocthyl phcnyl-a-thienylgly- 
colate was found to be most active, it was subjected 


to more intensive investigation. Administered sub- 
cutaneously in 1 mgm./kg. doses to dogs, it was 
spasmolytic for 30 to 135 minutes. Repeated ad- 
ministration resulted in tachyphylaxis in 2 dogs. 
Duration of spasmoiysis was approximately 3 times 
longer than that elicited by comparable dos.sge of 
/3-diethylaminoethyl diphenylacetate HCl (trasen- 
tin) and yS-diethylaminoethyl fluorene-9-carboxyl- 
ate HCl (pavatrine). In monkeys, identical dosage 
of the thienylglycolate produced spasmoiysis last- 
ing from 18 to 113 minutes without tachyphylaxis. 

No appreciable change in cardiac rate was noted 
in monkeys. In dogs, an acceleration of from two to 
four times the control value occurred. Mydriasis 
was observed in dogs and rabbits and cycloplegia 
in dogs. Neither was produced in monkeys. Dogs 
were markedly excited and ataxic for 1 to 3 hours, 
while monkeys, rabbits and rats were not. 

Monkeys were quieted by single or repeated 
dosage. In one monkey, 64 mgm./kg. intramuscu- 
larly was lethal, indicating a margin of safety com- 
parable to that of atropine given intravenously to 
rabbits and dogs. [Supported in part by a grant 
from Frederick Stearns & Company.] 

The cutaneous vasolidating action of pitressin. 
Raymond P. Ahlquist (by invitation) and Rob- 
ert A. Woodbury. Dept, of Pharmacology, Univ. 
of Georgia School of Medicine, Avgusta. The vaso- 
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■of 2% glycerine bacto nutrient agar. Dilutions of 
the drugs were assayed by the cup assay method 
(Foster, J. W. and Woodruff, H. B., J . Bad. 47 : 43, 
1944). The maximum zone diameter usually ap- 
peared by the seventy-second hour of incubation 
at 36° C. M. berolinensis, M. 'phlei, M. smegmatis, 
M. chelonei, M. avium, M. leprae were inhibited in 
highest dilution by atabrine at 1:40,000 and M. tu- 
berculosis at 1:80,000. Both derivatives inhibited 
all the strains at 1:80,000. Subcultures made from 
the margin of the cup at the 48 hour period from 
the atabrine plates were sterile. Stained smears 
showed attenuated forms with some loss of acid 
fastness at this time. A search of tjie literature 
failed to reveal any previous report of the inhibi- 
tory effect of these compounds upon members of 
the genus Mycobacterium. In vivo studies are in 
progress. 

Studies in the rate of dissipation of digoxin in 
man. Robert C. Battebman and Arthur C. 
DeGraff. Dept, of Therapeutics , New York 
Univ. College of Medicine. Studies on the dissipa- 
tion of digoxin were performed on 38 hospitalized 
and 12 ambulatory patients. Hospitalized patients 
were digitalized to minor toxicity by 0.5 to 1.0 mm. 
of digoxin every 6 hours. At varying intervals there- 
after groups of patients were given digoxin accord- 
ing to the same dosage schedule until toxicity 
recurred. The average patient after a lapse of 24 
hours from the last dose required 49 per cent of the 
initial dose to attain the same effect. After 48 hours 
the average patient tolerated 84 per cent of the 
initial dose and after 72 hours, 87 per cent. The 
rapidity of dissipation was clearly demonstrated 
in ambulatory patients. After determining the dose 
of digoxin which, when administered as a daily 
single dose, resulted in minor toxicity, the patient 
continued the same total daily dose but in divided 
amounts. In all of the 11 patients so treated toxicity 
subsided promptly within a few days or before the 
next clinic visit. In two of these patients the 
divided dose was also insufficient for maintenance, 
since they developed increasing signs of congestive 
heart failure. In five other trials where the minimal 
maintenance dose was determined, dividing the 
dose resulted in an increase in congestive heart 
failure. Restoration of the undivided dose resulted 
in recurrence of satisfactory maintenance or de- 
velopment of toxicity. 

Methyl cellulose: its laxative action and effects 
of chronic feeding on growth and reproduction. 
Robert 0. Bauer (introduced by A. J. Lehman), 
iroync Unit'. College of Medicine, Detroit, Mich. In 
young rats the time of passage of food through the 
gastrointestinal tract was the same in the animals 
fed methyl cellulose as in the controls. With ad- 
vancing age, the passage time in the methyl cellu- 
lose fed rats was greater than in the controls. Two 
dogs which were fed 2 to 100 grams of this compound 


daily for one month showed no significant increase 
in the weight of the stools for the different levels of 
intake. The increase was almost exactly that of the 
dry weight of the agent administered. In man 2.5 
to 5 .25 grams of methyl cellulose taken orally as gels 
in 250 c.c. of water had a tendency to be mildly 
obstipating. 

Rats fed 5 per cent of methyl cellulose in a basal 
diet through three generations showed a definitely 
greater average increase in body weight than did 
the controls. Reproductive functions were not im- 
paired. Paired feeding experiments in which 50 
per cent of the food intake consisted of the com- 
pound, indicated that some loss of weight occurred. 
This effect could be ascribed entirely to the inabil- 
ity of the rats to ingest sufficient quantities of 
the diet to maintain normal development. 

Formic acid was determined in the urines of the 
dogs and paired rats. Only minute quantities were 
found which were within the normal variations of 
the method employed. 

It is concluded that methyl cellulose is non-toxic 
per os, but is a poor substitute for the accepted 
colloidal laxatives. Methanol is probably not 
formed as a degradation product after oral ingestion 
of methyl cellulose. 

The effect of DDT (2,2-bis(p*chlorophenyl) 
1,1,1-trichloroethane) on Protozoa. Morris Bel- 
kin (introduced by R. P. Walton). Dept.' of Phar- 
macology, Medical College of South Carolina. 
Paramecium aurelia, Ameba proteus and Ameba 
dubia were placed in aqueous suspensions of DDT 
of varying concentrations ranging from 1-16,000 
to 1-256,000. The survival time of the paramecia was 
about 45 minutes in 1-lb, 000 and 2 hours in 1-256,- 
000 concentration. An equal degree of sensitivity 
was exhibited by a rotifer, Hydatina senta. Both 
species of amebas, on the other hand, immersed in 
similar suspensions survived for 24-48 hours or 
longer, depending on the concentration. 

Ameba dubia, micro-injected with 5% DDT dis- 
solved in olive oil survived for about 50 hours before 
cytolyzing. In anothr series, in which the same 
species was micro-injected with 15% DDT in olive 
oil the survival time was almost as long. The 
digestion of the oil appeared markedly retarded. 

Specimens of A. dubia were also “capped” with 
5% DDT in liquid petrolatum. The “capping” 
procedure, carried out with the Chambers micro- 
manipulator, attachs a quantity of oil to the cell 
membrane of the organism to which it adheres. In 
contrast with the injected amebas “capped” 
amebas died in 2 hours. The specific vulnerability 
of the cell membrane is indicated. 

The relatively marked sensitivity of the para- 
mccium and of the rotifer might possibly be at- 
tributed to action of DDT on a primitive nervous 
system. 

The electrical activity of sympathomimetic 
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amines at the phase boundary between fats and 
saline. R. Bi:utnku and T. C. Baiines. Dcpl. of 
Physiologij nnd Pharmacology, Hahnemann Medi- 
cal College and Hospital of Philadelphia. We luwc 
reported previously (Proc. Soc. Exper. Biol, and 
Alcd, to be publisiicd) that acctylcliolinc produces 
negative pliaso boundary ixjtcntials between oils 
and salines. Tlicsc experiments were intended to 
explain the electrical activity of cholinergic nerves. 
Further experiments of this kind were done with 
sympathomimetic amines. Although these drugs 
have an action antagonistic to that of acetylcholine 
they likewise shift the phase boundary potential to 
the negative side. But there is a difference in chem- 
ical character of the lipoid (or oil) upon which the 
sympathetic, or the parasympathetic drugs, act. 
Epinephrine is difficult to use in these experiments 
due to its chemical instability. A more stable 
amine, paredrine (at 0.05%) shifts the potential 
difference to the negative side when in contact with 
benzyl alcohol (pure) to the extent of 4 millivolts, 
tricaproin to the extent of 26 millivolts, triacetin 
plus tributyrin (S0:50) to 33 millivolts. (These 
were selected ns representative of glycerides be- 
cause they possess some conductivity while the 
higher glycerides arc completely insulating elec- 
trically.) 

In all these cases acetylcholine has no electric 
effect ; this substance works onlj' when in contact 
■with cholesterol or lecithin (each of these to be 
dissolved in benzyl alcohol) according to the e.x- 
perimental experience so far available. It seems 
that sympathomimetic amines operate also on 
glycerides, where acetylcholine fails. 

From these findings the difference in action of 
cholinergic and adrenergic fibers might be inter- 
preted as the result of their chemical composition : 
the former consisting chiefly of cholesterol and 
lecithin, the latter of glyceride fats, although they 
may also contain cholesterol and lecithin. 

The cholinesterase of human erythrocytes. 
Ralph W. Bhahek and Mart A. Root (introduced 
by Otto Krayer). Dept, of Pharmacology, Harvard 
Medical School, Boston. The location of cholines- 
terase in the giant axon of the squid has been 
•studied previously and it has been reported* that 
the enzyme is concentrated in the surface layers 
rather than in the axoplasm. Similar studies have 
not, so far, been presented for any mammalian tis- 
sues. The present work was performed mostly on 
human erythrocytes. Mendel and co-workers* have 
reported finding a cholinesterase in these cells 
which will hydrolyze acetylcholine at low concen- 


*a. Boell, E. J., and D. Nachmansohn, Science, 92: 513-H, 
IS40. b. Nachmansoyn, D. and B. Meyerhof. J. Neurophj'stoK, 
4: 348-61,1941. 

! a. Mendel, B. and H. Rudney. Biochem. J., 37: 5^, 1343. 
b. Mendel, B., D. B. Mundel and H. Rudney. Blocbetn. J., 37: 
473-470, 1943, 


trations, nnd which readily liydrolyzes acctyl-;?- 
mcthyl choline, but not benzoyl choline. The loca- 
tion of the enzyme within the erythrocyte has been 
established b 3 ' the following experiments : 

1. Simple hemolysis cither by hypotonic saline, 
or by freezing— thawing in isotonic saline does 
not change the cholinesterase acetivity of 
human and dog crythrocyts. 

2. From the dilute hemolysatc, 90-100% of the 
enzyme activity can be recovered in the 
stroma fraction obtained by centrifuging for 
15 minutes at 4000 r.p.m. at pH 5.5. 

3. The hemolysatc from which the stromata have 
been removed by filtration through a Seitz 
filter under N; pressure does not shorv any 
cholinesterase activity. 

On the basis of these findings, it can be concluded 
that the cholinesterase activity in human erythro- 
C3'tes is attached to the "stroma” fraction. 

Experiments have also been carried out to test 
the firmness of the attachment of the enzyme to 
the stromata. It has been found that even if these 
are mechanically disrupted by passing the dilute 
hemolysates repeatedly through a Sharpies Super- 
centrifuge, most of the cholinesterase activity can 
be recovered in the precipitate, i.e., the stroma 
fragments. Repeated washing of stromata with 
MM/45 phosphate buffer at pH 6.5 has been found 
to result in a marked increase in the cholinesterase 
activity of the cell remnants both total and per cell . 

Antibiotic substances active against ill. tuber- 
culosis. Milton T. Bosh and (by invitation) H. L. 
Dickison, Charlotte B. Ward and Roy C. Avery. 
Dept, of Pharmacology and Pathology, Vanderbilt 
School of Medicine, Nashville, Tenn. A strain of 
mold isolated by one of us (R.C.A.) and identified 
as a strain of Aspergillus fiavus Link was found to 
produce on certain media (2% lactose -f 2% Difeo 
Peptone) a culture fluid which inhibited M. 
tuberculosis in vitro. By extraction of this fluid we 
have obtained crystalline impure material which is 
active against many acid-fast organisms (including 
the avian, human and bovine types of M. tuberculo- 
sis), E. coli and <S. aureus. In this mixture there 
are present at least two weak acids, apparently 
having very similar physical and chemical proper- 
ties and showing about the same antibiotic spec- 
trum. We have isolated one pure compound which 
resembles aspergillic acid except that it has m.p. 
96.5-97.5° C corr. It crystallizes from absolute 
methanol in massive yellow prisms. Microelectro- 
metric titration with NaOH solution gives a neu- 
tralization equivalent 230 and an apparent ioniza- 
tion constant (pK') 6.5. The antibiotic activity is 
75-100 dilution units per milligram against S. au- 
reus and E. coli; against M. tuberculosis (a quick 
growing human strain) a concentration of 0.2 mg./ 
cc. produces clear circles of 20 mm. diameter b 3 ' 
the agar-plate-cup method. (The inoculum is 
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spread thinly almost uniformly on nutrient agar 
with a spatula. This method is suitable for assays 
against quick growing acid-fast organisms and can 
give results reproducible to zfc 15%). 

A second crystalline material having m.p. 118- 
121° C corr. has been obtained. This seems to have 
the same neutralization equivalent, pK', and 
antibiotic activity as the pure fraction of m.p. 
96.5-97.5°. 

We shall soon undertake experiments to ascer- 
tain what activity these substances may have 
in vivo. 

A new adrenolytic agent, 2-ben2yl-imidazoline 
(Priscol). Dorothy Chess (by invitation) and 
Frederick F. Yonkman. Depl. of Pharmacology, 
Research Division, Ciba Pharmaceutical Products, 
Inc., Summit, N. J. This compound has been pur- 
ported to possess adrenolytic and sympatholytic 
properties in certain experimental situations 
(Meier, R. and Meyer, R. Th., Schweiz, med. 
Wschr. 71; 1206, 1941). We thus chose to study it 
with our standard technique previously described, 
(Federation Proceedings 3: 88, 1944) in which 
salivation, retraction of the nictitating membrane, 
pupillary changes and blood pressure, all functions 
affected by sympathetic influences, were studied 
in urethanized cats. 

1. Priscol, 15 to 20 mgm., had no effect on saliva- 
tion or the pupil. 

2. Priscol, 1 mgm., produced a marked, sudden 
retraction of the nictitating membrane and an 
acute hypotension enduring for approximately 
30 minutes. 

3. Priscol, 15 to 20 mgm., produced a marked and 
sudden lowering of blood pressure (up to 50 
per cent) which endured for a period of three 
hours or more during which pulse and respira- 
tion seemed unaffected. 

4. The effect of epinephrine, 10 gamma, was re- 
versed from the usual hypertensive to a hypo- 
tensive phase. This effect prevailed after 15 
to 20 mgm. of Priscol for approximately 3 
hours, after which a gradual return to normal 
epinephrine responses ensued. During recov- 
ery biphasic reactions prevailed in which 
initial hypertension was followed by hypo- 
tension. With each successive dose of epineph- 
rine the hypertensive phase became more 
prominent while the hypotensive phase be- 
came less marked with return to normo- 
tensive levels. 

5. Salivation and pupillary responses to epineph- 
rine were not affected by priscol, 15 mgm. 

Thus, although priscol, 15 mgm., was adrenolytic 
in relation to blood pressure, it was not adrenolytic 
or .sympatholytic in respect to the cervical sym- 
pathetic functions studied. The effects of larger 
doses are now being investigated. 

Comparative study of the effect of gastric anta- 


cids on gastric secretions. Byron B. Clark, W. 
Lloyd AuAMsand John J. Romano (by invitation). 
Dept, of Physiology and Pharmacology, Albany 
Medical College, Union Univ., Albany, N. F. The 
comparative effect of 5 antacids on the amounts of 
gastric secretion and hydrochloric acid produced in 
response to a daily test meal (8 A.M.) has been 
determined on two Cope pouch dogs, employing the 
technique previously described (Am. J. Physiol. 
139: 356, 1943). The antacids administered three 
times daily (9 and 11 A.M. and 2 P. M.) were so- 
dium bicarbonate (II), 50 cc. of 2 or 4% ; aluminum 
hydroxide gel (III), 50 cc. diluted 1-4, (Am. J. 
Physiol., 141: 255, 1944); calcium carbonate (IV), 
0.6 gm. ; magnesium o.xide (V), 0.25 gm.; and 
sodium citrate (VI), 1 or 2 gm. (I) is the control 
series. The average percentage changes in hydro- 
chloric acid during the four daily collection periods 
are shown in the table. 



No. 

ex. 

S-11 

n -2 

2-5 

Day 

Night 

! 

I 

H 

-5 

-f4 

+5 

0 

+3 

+1 

II 

10 

-fl2 

-f49 

+48 

+38 

-20 

•4-29 

III» 

10 

-3 

-2 

+33 

+26 

+11 

+25 

IV 

10 

-fl2 

4-26 

+30 

+19 

-9 

+15 

V 

14 

+7 

+18 

+32 

+13 

-8 

+7 

VI 

12 

+2 

+10 

-5 

+2 

-16 

• +2 


• Increases due mainly to one experiment. 


Sodium bicarbonate and calcium carbonate 
produced the greatest and most consistent in- 
creases. Magnesium oxide showed increases in only 
one animal. (See reference for aluminum hydrox- 
ide). In general none of the antacids produced a 
significant decrease in secretion during the 9 hour 
period following the test meal. 

Some observations on the mechanism of hemo- 
lytic anemias produced by drugs. Byron B. Clark, 
Robert W. Morrissey (by invitation) and Dor- 
othy B. Blair (by invitation) . Dept, of Physiology 
and Pharmacology, Albany Medical College, Union 
Univ., Albany, N. F. Observations have been 
made to determine if intracorpuscUlar methemo- 
globin alters the resistanceof erythrocytes toanum- 
ber of lysins. The methemoglobinemia was pro- 
duced in vitro by the addition of sodium nitrite to 
erythrocytes which were subsequently washed three 
times with saline ; standard suspensions of the niet- 
hemoglobin and normal cells were prepared. Time 
dilution curves with saponin revealed no difference, 
in behavior of the two types of cells both in the 
absence and the presence of accelerators (e.g., ben- 
zene, quinine, aniline, etc.). Likewise no differ- 
ence was observed in percentage hemolysis 
curves with hypotonic saline alone or in the pres- 
ence of an accelerator (quinine). With sodium 
glimocholate and taurocholatc, little difference was 
observed at pH C.2; however, at pH 7.3 the methc- 
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moglobiu colls wore much more resistant, ap- 
l>arcnt!y due to a reaction with mcthemoglobin. 
Observations on lysolccithin arc in progress. 
Chronic methemoglobinemia maintained in <logs 
for one month with daily injections of sodium 
nitrite revealed no evidence of anemia. 

The activities of a series of comiwunds to ac- 
celerate saponin hemolysis was determined. Taking 
the activity of aniline as one, the relative activities 
were : acetanilid 1.8 (0.8) , benzene 3.1, acctophcnc- 
tidin 3.6, p-aminophcnol 7.4, B-phenylhydroxyl- 
aminc 56, phenylhydrazinc 72, and quinine 214. 
Sulfanilamide, sulfapyridino, sulfathiazolc, sulfa- 
diazine, antipyrine and aminopyrino had litle ac- 
tivity. Two of the postulated metabolic interdiates 
of the sulfonamides and aniline derivatives, name- 
ly, p-aminophcnol and especially (3-phenylhydro- 
xyiamine, are more active accelerators of hemolj'sis 
than the original drugs and may play a part in the 
production of hemolytic anemias. 

Duration of protective action of barbiturates 
against picrotoxin. Veksa V. Cole and H. R. 
Helpieu. Depl. of Biochemistry and Pharmacology, 
Indiana Univ. School of Medicine, Indianapolis. 
Eleven barbiturates have been classified according 
to the duration of protection against death from 
picrotoxin; (1) those protecting for one hour or 
less, (2) those protecting for one hour to two days, 
(3) those protecting for more than two days. 
Dosages of nine of these barbiturates were well 
below the anesthetic level. The barbiturates 
studied showed different types of curves of protec- 
tion. The relationship of the individual compounds 
to each other was quite different from the usual 
relation based on anesthetic action. The groups of 
barbiturates were not very different from similar 
groups classified according to length of anesthetic 
action. 

Jlale rats weighting from 66 to SO grams were 
used. The amount of picroto.xin which killed eight 
out of ten animals (10 mgm/kgm) was always used 
as the test dose. The dose for each barbiturate was 
the minimum amount that would protect at least 
nine of ten rats from death, when given before the 
picrotoxin (for short acting barbiturates 20 rain., 
others 1 hr.). A time curve of protection was ob- 
tained by giving the picrotoxin at 40, 60 and 80 
minutes after the shortest acting barbiturates, and 
at 2, 48, 72, 96 and 120 hours after the other barbi- 
turates. This method appears to give some informa- 
tion not obtained by other methods. 

The effect of iithospermum ruderale on the 
oestrous cycle of mice. Euz.abeth M. Cranston 
(introduced by Raymond N. Bieter). Dept, of 
Pharmacology, Univ. of Minnesota, Minneapolis, 
and the Division of Plant Exploration and Intro- 
duction, United Slates Dept, of Agriculture. Fluid- 
extract of Lithospermum ruderale was adminis- 
tered orally to mice by mixing it in the diet. 


Treated adult female mice, with previously regular : 

oestrous cycles, developed prolonged periods of j 

diocstrous. Injections of estrone or gonadotropic j 

hormone administered to mice during treatment ; 

induced the development of oestrous. A loss in body ! 

weight in the presence of an increased food and ; 

water intake occurred. No difference in basal I 

metabolism between treated and control mice was i 

noted. 

In female mice, twenty-one days of age, treat- j 

meat with lithosperm for ten days caused decreases ' 

compared with control mice, in body growth of ; 

25 per cent, in ovarian weights of 37 per cent, in i 

weights of uterus plus vagina of 51 per cent, in ' 

thymus weights of 62 per cent and in pituitary 
weights of 40 per cent. In male mice, twenty-one i 
daysof ago, treatment for ten day's caused decreases 
in body growth of 34 per cent, in weights of testes 
of 26 per cent, in weights of seminal vesicles plus 
prostate of 66 per cent, in thymus weights of 67 
and in pituitary weights of 45 per cent. Inanition 
sufficient to cause decrease in body growth com- ' 
parable with treated mice caused significantly 
smaller decreases in the weights of uterus plus 1 
vagina and seminal vesicles plus prostate. 

The results indicate that lithosperm acts di- 
rectly on the pituitary gland to decrease the forma- 
tion of gonadotropic hormone. 

Ora! penicillin. Windsor C. Cutting, Richard 
M. Halpebn, Ernest H. Sultan and Charles A. 
Armstrong. Depls. of Pharmacology and Thera- 
peutics, and of Medicine, Stanford Univ. School of 
Medicine, San Prancisco, Calif. In 9 out of 12 trials 
in 9 persons with gastric achlorhydria, penicillin 
was absorbed when given orally producing an 
average blood concentration at 1 hour of 0.06 u. per 
cc. Conjoint use of other agents failed to promote 
the absorption. Eight trials in 5 persons without 
gastric achlorhydria did not result in demonstrable 
absorption, even with the addition of alkaline or 
other protective substances. These results confirm 
the destructive power of gastric’ acidity . 

In 5 normal persons receiving penicillin enclosed 
in 4 different enteric coatings, no absorption oc- 
curred. However, inclusion of agents which pro- 
mote absorption resulted in satisfactory blood 
levels. Although achlorhydric persons apparently 
absorbed penicillin because it was not destroyed, 
the best protection which could be devised would 
not be adequate in norma! persons, without adding 
an agent which could promote absorption. 

Therefore, 110 trials were made in 35 persons 
with penicillin plus an agent to promote absorption, 
both enclosed in a resinous (Enterab), or plastic 
(cellulose hy'drogen acetate phthalate) enteric 
coating. The added drugs (30 different agents plus 
combinations) included antiseptics, surface tension 
reducers, solvents, salicylates, and protoplasmic 
poisons. Most effective were methenamino, ethyl 
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been correlated with blood levels of the drugs, 
caloric intakes and with pathological changes in the 
thyroids, kidneys and reproductive organs. Histo- 
logical and biochemical studies are in progress. 

Chemotherapeutic activity in local infections. 
N. Ehcoli, M. N. Lewis and E. Hahker (intro- 
duced by R. H. K. Foster). Research Laby., Hojf- 
mann-La Rohe, Inc., Nulley 10, N. J. The local 
antibacterial activity of different chemothera- 
peutic agents, including antibiotics of microbial 
origin, was studied in comparison to their systemic 
activity in generalized infections. The experiments 
which were carried out with /?-hemolytic strepto- 
cocci, staphylococcus aureus, and C. diphtheriae 
showed that topical activity and systemic activity 
are two different functions of the chemotherapeutic 
agents and have to be determined with different 
methods. 

An appropriate technique for quantitative de- 
termination of local activity in vivo has been de- 
veloped; the results obtained with certain tri- 
phenylmethane dyestuffs, acridines, quinolines, 
and sulfonamides, as well as with tyrothricin and 
penicillin, show that some of these agents are only 
active by local administration, while in others, the 
sj'stcmic effectiveness towards generalized infec- 
tions definitely prevails. Penicillin was found to be 
the only agent which exerts a satisfactory local 
antibacterial activity and is at the same time, 
highly effcetivo in generalized infections. 

Moreover, the quantitative comparison of the 
local activity in streptococcal, staphylococcal, and 
diphtherial infections showed a certain degree of 
specific activity of the different agents towards the 
test micro-organisms. 

Vitamin K activity of some sulfonamide deriva- 
tives of menadione and related agents. P. L. 
Ewing, Ciiauncey D. Leake, G. A. Emerson and 
(by invitation) Edith Ju-Hwa Chu. Depl. of 
Pharmacology, Univ. of Texas Medial Branch, 
Galveston, and Biochemical Inst., Univ. of Texas, 
Austin. The vitamin K activity of ten compounds 
was estimated by their effects on clotting and pro- 
tlirombin time after intramuscular injections in 
0.01 M/Kg doses as aqueous and oily suspensions or 
solutions into vitamin K deficient White Leghorn 
chicks. The compounds tested included the parent 
substance, 4-azo-sulfanilamide-a-naphthol (CioH« 
OH.N.C(iH 4.SO:NH2) and its 2-methyl, 2-ethyl, 
2-phcnethyl, 2-propyl, 2-butjd, 2-amyl, 2-carboxy, 
2-carboxy-Ni-acetyl, and l-amino-2-mothyl deriva- 
tives. The synthesis of these agents was instigated 
and carried out by Dr. Edith Ju-Hwa Chu. The 
two 2-meth3’l derivatives were the only ones ex- 
hibiting vitamin K activit3', the 2-methyl-a-naph- 
tbol derivative showing initial effects approxi- 
mately equal to menadione but less prolonged, 
whcrcsis the l-amino-2-mcth3-l-naphthalene de- 
rivative required about 5 da3-s to reach its maxi- 

c 


mum effect of about 50% that of menadione. 
Deviation from the menadione structure appears to 
detract definitely from the vitamin K activity of 
the compounds although the diazo union with 
sulfanilamide does not interfere appreciably, ex- 
cept perhaps through decreased solubility. 

Studies on the general pharmacology of dibu- 
toline. R. M. Featiierstone and N. G. White 
(introduced by E. G. Gross). Depl. of Pharma- 
ology. College of Medicine, Slate Univ. of Iowa, 
Iowa City. Dibutoline, one of a series of recently 
synthesized surface-active choline derivatives, was 
studied to determine its toxicity, its effectiveness 
as an antispasmodic agent, and its probable mode 
of action. The LDso in rats was found to be 22^ 
mgm/kgm. for intraperitoneal injection, but the 
compound had no adv'erse effects when given 
orally in concentrations twenty times as great. 
Dibutoline, in a similar manner to atropine, was 
more effective in preventing or overcoming the 
stimulation in isolated intestinal muscle strips 
induced by neurotropic drugs like mecholyl than 
that induced by musculo-stimulant drugs like 
barium chloride. In unanesthetized dogs which had 
been prepared with Thiry-Vella loops, gastros- 
tomies, and colon fistulae, dibutoline injected 
subcutaneously was equally effective with atropine 
in relaxing the stomach, small intestine, and colon, 
and in blocking the action of prostigmine on these 
structures. Administrations of largo doses orally 
were likewise effective. The fall of blood pressure 
following injection of acetylcholine in an anes- 
thetized dog was prevented by dibutoline as it was 
by atropine. Although dibutoline injected sub- 
cutaneously to unanesthetized dogs had no marked 
effect on the tonicit 3 ' or capacity of the. urinary 
bladder, the drug acted in a manner similar to 
atropine in overcoming the reactions following 
parasympathetic stimulation of this organ. When 
the effect of dibutoline on salivary secretion was 
studied, evidence was obtained that dibutoline, 
like atropine, acts to block only the cholinergic 
nervous system. Studies on the pulse, uterine, and 
bronchodilating effects of dibutoline were also 
carried out. 

The pain threshold raising action of a number 
of new phthalidyl derivatives. Edwin J. Fellows. 
Temple Univ. School of Medicine. The pain-thres- 
hold raising action of l-phthalid 3 d-l-aminopropane 
HCl in rats and cats suggested the desirability of 
examining other modifications of the phthalidyl 
nucleus for analgesic activit 3 '. The following new 
compounds therefore have been tested in the form 
of h 3 ’drochloridcs in cats for pain-threshold raising 
action: l-amino- 2 -phthalid 3 'lcthane(I) ; -1, 5, 6- 
Trihydrox 3 ’phthalidyldimethylaminomethane (11); 
l-amino-l-phthalid 3 ’l-n-butanc (HI); I-Dimeth 3 ’l' 
amino-l-phthalid 3 'lpropanc(V) ; N-Eth 3 ’l-l-phthal- 
id 3 'l-l-aminopropane(VI) ; l-nmino-l-pl)th.alid 3 ’l- 
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in rabbits, cats, and monke 3 ''s. Implanted epidural 
electrodes were also used in rabbits. The anti- 
convulsants were administered i.p. or i.v. ; the 
taetrazol, s.c. or i.v. Experimental and control 
groups of mice and rats were considered as samples 
of a normal population; rabbits, cats and monkeys 
were individually standardized to metrazol and 
electroshock convulsion ovei* a period of weeks, and 
the final criterion for the occurrence of a convulsion 
was the cortical seizure pattern recordable 
electroencephalographically. 

In doses practically devoid of c.n.s. depressant 
effects, dimethyl-N -methyl barbituric acid (100- 
125 mgm/kg, i.p.) and tridione (500 mgm/kg, i.p.) 
proved to be effective anticonvulsants against 
metrazol in all species tested, affording complete 
protection against one to two times the standard 
convulsant dose of metrazol (CD95+). Residual 
anticonvulsant action from single doses could be 
noted up to 48 hours. Dimethyl-N-methyl barbi- 
turic acid, however, did not afford appreciable 
protection against electroshock, either in raising 
the electrical threshold or in modifying the severity 
or duration of seizures. In contrast, tridione 
exerted definite protective action acainst electro- 
shock convulsions in that seizures were consider- 
ably shorter in duration and less severe. Like the 
barbiturate, however, tridione had little effect on 
the electrical threshold for production of con- 
vulsions. The significance of differences between 
anticonvulsants in protection against electroshock 
seizures and metrazol convulsions is under investi- 
gation. 

Experimental indices for comparing the efficacy 
of compounds with anticonvulsant and antiepilep- 
tic properties. Louis Goodma.n and James E. P. 
Toman (by invitation). Dept, of Pharmacology and 
Physiology, Univ. of Utah School of Medicine, Salt 
Lake City. A systematic comparative study is being 
conducted of anticonvulsants and antiepileptics 
with respect to mechanisms of action, protection 
against inetrazol-induccd seizures, alteration of 
threshold for or decrease in severity and duration 
of electroshock convulsions, effect on duration of 
elcctroconvulsions produced bj'^ supramaximal cur- 
rents, effect on cortical discharges produced by 
single cortical shocks, and influence on the normal 
EEG. Among agents being investigated are pheno- 
barbital, diphenylhj'dantoin, 3,5,5-trimethylox- 
azolidine-2,4-dionc (tridione), and benzimidazole'. 
(Technics and animal species employed are de- 
scribed in abstracts by the authors in these Pro- 
ceedings.) Doses selected were those least de- 
pressant to the c.n.s. and j'ot exhibiting definite 
protective action in one or more categories. A major 
purpose in these studies is to elucidate similarities 
and differences in mechanisms of drug action whicli 
may explain the known therapeutic specificity of 
nnt'iepileptic agents. Data obtained to date permit 


the following comparative scoring of compounds 
with respect to certain of the above named indices : 


Indices 

Pheno- 

barbital 

Dilantin 

Benzimi- 

dazole 

Tridione 

Protection against metra- 
zoJ soizures 

-f-+ 

0 

-1- 

+++ 

Increase in threshold for 
electro convulsion 


-1-? 


-f? 

Decrease in severity of 
threshold electrocon- 
vulsion ( 


-h 

+-1-1- 

+-i- 

Decrease in duration of 
maximal electrocon- 
vulsion 

+++ 

+++ 

+ 


Increase in tlireshold for 
cortical secondary dis- 
charge 

0 

0 

-h 

0 


-h-f-l- = excellent, -f-f- = good, + = fair, 0 = inactive. 


[These investigations have been made with the 
assistance of grants from the Committee on Thera- 
peutic Research, Council on Pharmacy and Chemis- 
try, American Medical Association, and from the 
Abbott Laboratories.] 

The antibacterial properties of dicumarol. 
Andres Goth (introduced by Donald Slaughter), 
Dept, of Physiology and Pharmacology, Southwest- 
ern Medieal College, Dallas, Texas. Dicumarol 
was found to possess marked antibacterial proper- 
ties. Organisms inhibited when dicumarol was 
present in broth in the concentration of 1:100,000 
were Staphylococcus aureus. Streptococcus pyo- 
genes, Streptococcus viridans, and Bacillus an- 
thracis. Organisms inhibited by a concentration of 
1:25,000 were Corj'nebacteriura diphtheriae. Bru- 
cella abortus and a fast-growing, non-virulent hu- 
man strain of Mj^cobacterium tuberculosis. Or- 
ganisms not inhibited when the concentration of 
dicumarol was as high as 1:25,000 were Streptococ- 
cus fecalis. Bacillus subtilis, Clostridium Welchi, 
Eberthella tj^phosa. Salmonella paratyphi A, 
Escherichia coli, Proteus vulgaris, and Pseudor 
raonas pyocjmnea. 

The mode of antibacterial activity was essen- 
tially bacteriostatic and the growth inhibition 
caused by dicumarol was not antagonized bj' vari- 
ous naphthoquinones. 

The effect of sympathomimetic amines on the 
synthesis of cocarboxTlase in vitro. W.m. M. 
Govieh, Vera Beromann (by invitation) and 
Kard H. Bever. Dept, of Pharmacology, The 
Medical-Research Division, Sharp and Dohme, 
Inc., Glenolden, Pa. The effect of six sympatho- 
mimetic amines (phenothylamine, N-methyl 
phenctiiylamine, N-dimethyl -;3 methyl phenethyl- 
amine, amphetamine, tjTamine, and /S(p-hydro.\-y- 
phen3'I) isoprop3'lamine on the synthesis of cocar- 
bo.X 3 'lase b 3 ' normal pigeon liver slices from 
thiamine and p3'rophosphatc has been investigated. 
Cocarbo.x3'lase was estimated manomctrically' after 
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incubation of slices, substrates, and drugs for one 
hour in an atmosphere of oxygen at 37°. All of these 
compounds have been found to produce an increase 
in cocarboxylasc synthesis by this tissue but no 
correlation has been demonstrated between the 
structure of the amine and the amount of cocar- 
boxylase synthesis observed. 

Preliminary observations have appeared to indi- 
cate that the increase in cocarbo.xylase is due to an 
increase in phosphorylation rate tluring the first 
few minutes of incubation since phosphorylation 
of thiamine proceeds only to the point of saturation 
of carboxylase apoenzyme with cocarboxylase. 

The investigation is being extended to include 
other phenethylaiuinc derivatives and further 
experimentation is in progress to elucidate the 
mechanisms involved. 

A solubilized form of phenolphthalein. M. G. 
Ghay (introduced by Walter L. Mendenhall). 
Arthur D. Little, Inc. Chemists, Cambridge, Mass. 
The preparation and properties of phenolphthalein 
betadiglucosidc are described. Its solubility 
characteristics permit the preparation of a low 
alcohol elixir, suitable for use on pediatric practice 
and capable of being dispensed in fractional doses. 
Its laxative action is approximately twice that 
of phenolphthalein U.S.P. XI and it differs from 
the glucosides as a class in that it does not have the 
characteristic bitter taste. 

Clinical tests have been made with groups of 
subjects from infancy to old age and these show 
that its usefulness is superior to phenolphthalein. 
The diglucoside form caused no allergic response in 
223 subjects ranging from l\ to 86 years of age. 
The intended dosage is between \ and 3 grains. 
Extensive toxicity tests indicate that 0.5 gram can 
be safely tolerated by man. 

The oxygen content of venous blood in trau- 
matic shock. Raymond Gkegory (by invitation) 
and Paul L. Ewung. Dcpls. of Internal Medicine 
and Pharmacology, Medical School, Galveston. 
Studies of continuous arterial blood pressures, 
hematocrits, specific gravity of plasma, arterial and 
venous blood oxygen content were made on eleven 
dogs traumatized quantitatively by the application 
of a definite number of blows per kilo of a padded 
“hammer” weighing 2.3 K and allowed to fall from 
a measured height. 

The inadequacy of blood pressures and hemato- 
crit studies as criteria of impending shock is at- 
tested to by the abrupt death of animals two to 
thirteen hours after trauma with persistently 
normal hematocrit values, and mean systolic blood 
pressures of 100 mm. Hg or more. The oxygen 
content of venous bloods drawn at two to four hour 
intervals following trauma showed progressive and 
great decrease in all animals that died, failed to 
show a decrease in animals that survived. Extreme 
decrease in oxygen content of venous blood may oc- 


cur many hours before hematocrit or blood pressure 
changes or before abrupt death. 

Properties of enzyme inhibitors extracted from 
liver. MAnoAnET E. Gheig and Williaju E. Db 
Turk (introduced by Paul D, Lamson). Vander- 
bill Univ. School of Medicine, Nashville, Tenn. 
In investigating the causes of metabolic changes in 
shock we found that when excised liver was made 
anoxic its ability to oxidize lactic and d- and Z-am- 
ino acids was markedly decreased. The addition 
of a water extract of ground liver to whole tissue 
or to the isolated enzymes, lactic dehydrogenase or 
rf-amino acid oxidase, also produced a similar de- 
crease in ability to metabolize those substrates. 
Isolated carboxylase (yeast or animal) was un- 
affected by the liver extract. 

The active principle or principles are thermo- 
labile and non-dialyzablc. They appear to be 
globulins and are precipitated by half saturation 
with (NHiIlSOi or by full saturation with MgSOj 
orNaCl. 

The factor inhibiting d-jimino acid oxidase seems 
to be separable from that inhibiting lactic dehydro- 
genase since purification procedures involving 
precipitation with {NH<)jS 04 , adsorption upon 
Cu(OH)j and subsequent elution yield prepara- 
tions Avhioh are uniformly active against d-amino 
acid oxidase, but activity against lactic acid dehy- 
drogenase is sometimes lacking. 

Inhibitions of d-amino acid oxidase activity of 
35% have been produced by amounts of factor 
equivalent to 0.05 mg. N in 2 cc. The factor pro- 
duces its inhibition by its action on the apoenzyme. 

The inhibitory effect is greatest around pH 6. 
Phosphate concentrations above 0.03 M inhibit its 
activity. 

The inhibition appears to be reversible since by 
increasing the pH of the medium in which the 
liver factor is allowed to act on d-amino acid oxi- 
dase, the percentage of inhibition produced by the 
factor is reduced. 

Experiments are underway to determine the 
effect in vivo of these extracts injected intrave- 
nously. 

An investigation on the development of toler- 
ance to barbiturates in experimental animals. 
Charles M. Gruber and Goldie Freedman 
(by invitation). Depl. of Pharmacology, Jefferson 
Medical College, Philadelphia. This work, under- 
taken to determine whether or not experimental 
animals develop a tolerance to barbiturates, was 
done on dogs, rabbits and rats. The dogs were given 
butisol sodium intravenously every other day. The 
rabbits were studied in batches of 7 to 20. Some of 
them were given intravenously araytal sodium, 
others butisol sodium or cyclopal every other day. 
Pentobarbital sodium or scconal sodium were 
administered to some every day and others re- 
ceived evipiil sodium twice each day. The rats 
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were also divided into lots of 10 to 18 each. Some 
of these were given butisol sodium intraperito- 
neally every other day, others pentobarbital so- 
dium, cyclopal, ortal sodium or seconal sodium. 

The duration of the hypnosis produced by these 
drugs was the basis from which conclusions were 
reached as to the production of tolerance. Some 
experiments were performed in which after the 
rabbits showed a definite decrease in the period 
of sleep produced by a barbiturate the LDjo of 
that drug was given intravenously. Experiments 
were also performed to determine if an animal 
tolerant to one barbiturate was also tolerant to 
others. 

In the 14 dogs used the third injeetion of butisol 
sodium was followed by a decrease of 42 per cent 
in the duration of the induced sleep. After the 
third injection the average duration of hypnosis 
was shortened by 47 per cent in 81 rabbits with 
butisol sodium, by 36 per cent in 58 animals with 
amytal sodium, by 47 per cent in 71 animals with 
pentobarbital sodium, by 45 per cent in 56 animals 
with seconal sodium, by 37 per cent in 12 animals 
with cyclopal and by 36 per cent in 10 animals with 
cvipal sodium. The average decrease in the period 
of sleep with butisol sodium in 84 rats was 38 per 
cent, with pentobarbital sodium in 14 animals 50 
per cent, with cyclopal in 18 animals 25 per cent, 
with ortal sodium in 10 animals 19 per cent and with 
seconal sodium in 12 animals 15 per cent. 

All of the rats which showed a decrease in the 
duration of sleep following repeated injections of 
butisol sodium showed a similar decrease following 
pentobarbital sodium and vice versa. All of the 
rabbits which became tolerant to repeated adminis- 
trations of butisol sodium showed a similar toler- 
ance to subsequent injections of pentobarbital 
sodium and visa versa. In the same way a tolerance 
to amytal sodium is followed by tolerance to pento- 
barbital sodium and vice versa. Dogs made tolerant 
to butisol sodium proved to be tolerant to pento- 
barbital sodium. Although the hypnotic effect 
becomes less after repeated injections of a bar- 
biturate and cross tolerance can be established 
nevcr-the-less there was produced no increase in 
the resistance of our rabbits to the median lethal 
dose of the drug. In fact the LDso of pentobarbital 
sodium and seconal sodium injected intravenously 
killed SO to 86 and 60 to 70 per cent of the animals 
respectively. From those results it appears that 
animals become resistant to the hypnotic effect of 
the barbiturate but not to its to.xic actions. 

A liquid medium for the evaluation in vitro of 
proposed amcbacidcs.* Edkr Lindsay Hansen 
(introduced by Gordon A. Allcs). Division of Phar- 

< Tlie work dcscrilicd in this p.apor wa? done under a contract, 
recommended liy the Committee on Medical Itc3e.arch, between 
the Office of Scientific lle^earcll and Dcvciopmont and the 
University of Canfornia. 


macology and Expcrimcnlal Therapeutics, Vniv. of 
California Medical School, San Francisco. Laidlaw 
ct al. in 1926 and 1928 (Parasitology 18: 206; 20: 
207) reported that emetine was adsorbed by solid 
egg in Locke-egg-serum medium and that, in a 
medium containing only scrum and saline, its 
amebacidal activity was 100 times greater. In this 
liquid medium, however, E. histolytica isolated 
with bacterium ‘t’ by Dr. C. W. Rees (National 
Institute of Health) could not be maintained. 

A satisfactory egg infusion medium was pre- 
pared by autoclaving for 55 minutes at 125®C., 
150 cc. of Stone’s-Locke’s solution (Am. J. Trop. 
Med. 15 : 681, 1935) to which the chopped coagulum 
from a beaten whole egg had been added. The liquid 
was filtered with the aid of Hy-flow Supercel, the 
volume restored to 150 cc., and 0.5% of Wilson’s 
liver extract added. Culture tubes were made with 
4.5 cc. of liquid, sterilized by 10 mimites auto- 
claving, sterile starch added, and 0.5 cc. of ameba 
culture used for the inoculum. The initial pH was 
about 8.3. After 48 hours at 37°C. the pH ranged 
between 7.4 and 6.3. 

The ameba could be maintained for at least three 
transfers from egg slope medium. Second transfers 
were used for the tests of amebacides. Since no 
solid adsorbing material was present the ameba- 
cides were effective in greater dilutions than in the 
egg slope medium. 

The medium described by Balamuth and Sandza 
(Proc. Soc. Exper. Biol, and Med. 57 ; 161, 1944) 
confirmed our experience. The difference in our 
method is that the filtration and longer heating 
prevented the tendency for a flocculum to form 
during sterilization. 

Continued administration of phenobarbital and 
diphenylhydantoin. P. J. Hanzlik. Depl. of Phar- 
7nacology and Therapeutics, Stanford Univ. School 
of Medicine, San Francisco, Calif. Continued 
administration of phenobarbital sodium and di- 
phenylhydantoin sodium in low (0.01 per cent) and 
high (0.1 per cent) concentrations in the diet to 
white rats for months showed that phenobarbital 
is more injurious. This was supported by the fol- 
lowing results ; greater stunting of growth and de- 
crease in body weight, more frequent nasal bleed- 
ing and encrustation. of eyelids, greater mortality, 
and lesser voluntary running activity with pheno- 
barbital. Ataxia was not evident, and an increase 
in threshold of cortical excitability was question- 
able. The decrease in body weight and running 
activity of phenobarbital were partly reversed 
when the animals were switched to normal diet. 
Feeding and injecting sodium succinate, an alleged 
antidote for tissue effects of barbiturates, did not 
prevent the actions of phenobarbital ; in fact, there 
was evidence of liver injurj\ Other possible an- 
tagonists are being tested. The condition of ani- 
mals on diphenylhydantoin was often as good as 
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produced with cocaine, being four to five times 
greater than the control epinephrine response, but 
only in dogs. 

Autonomic drug action on isolated segments of 
mouse intestine. Lloyd W. Ha.zi.eton and Emily 
A. M. Godfrey (by invitation). The George Wash- 
ington Univ. School of Pharmacy. A modification 
of Sollmann and Radcmaekers’ arrangement for 
studying intestinal segments, permitting direct 
recording of activity, has been employed to studj”^ 
certain phases of the action of autonomic drugs. 
The method permits the use of a control segment 
in the same bath and the administration of the 
drug either into the bath or into the lumen of 
either segment. Mouse intestine has been used 
thus far. 

The objective of the present report is to sum- 
marize some of the aspects of the method. After 
the setup is arranged the dose of acetylcholine 
which will produce an optimal response is deter- 
mined. Tire character of the response following 
internal or external application is determined by 
the nature of the drug. For example ; acetylcholine 
or epinephrine placed in the bath results in con- 
traction or relaxation proportional to the size of 
the dose, while if either drug is placed in the lumen 
these results are not manifest. If atropine or 
physostigminc is placed in the bath cessation or 
exaggeration of activity will result. However, if 
these drugs arc placed in the lumen of one segment 
the characteristic response will be elicited while 
the control segment will give normal tracings. 
Upon washing from the lumen with Locko-Ringer’s 
solution the characteristic action of any of these 
drugs is obtained immediately in both segments. 

It is interesting to note that these responses arc 
analogous to those following oral or parenteral 
administration of these drugs to intact animals. 
Further studies arc designed to test the extent of 
this correlation in other drugs. 

The potentiation of the pressor effects of acetaU 
dehyde and acetaldehyde ammonia by ergotam- 
ine. TuEODonE KorrANYi. Georgetown Univ., 
School of Medicine. In dogs, under nembutal anes- 
thesia, ergotaminc tartrate in doses from 0.05 to 
1.0 mg./kg. by vein potentiates the pressor effect 
not only of epinephrine but also of intravenous 
doses of acetaldehyde (5-10 mg./kg.) and acetal- 
dehyde ammonia (5-10 mg./kg.). This ergotaminc 
potentiation may result in the increase of the 
pressor effects of acetaldehyde and acetaldehyde 
ammonia from 4 to 5 times that of the original 
height and duration. The latent period between the 
intravenous injection of these pressor drugs and 
their effect on the blood pressure is appreciably 
increased by ergotaminc. The duration of action 
of ergotaminc is about one hour. 

This effect of ergotaminc on the pressor effect of 
acetaldehyde and acetaldehyde ammonia is not 


due to epinephrine liberated from the suprarenal 
glands, for it occurs also in the absence of these 
structures. 

In dogs under ether and urethane anesthesia, 
ergotaminc does not potentiate the pressor effects 
of acetaldehyde and acetaldehyde ammonia, but 
frequently causes their reversal. 

It was found that ergotaminc synergizes with the 
central depressant actions of ether and nembutal. 
The anesthetic doses of these latter drugs are 
appreciably decreased by previous administration 
of ergotaminc. 

The theory that ergotaminc accelerates the rate 
of oxidation of epinephrine and other oxidizable 
pressor drugs is definitely disproved by these 
experiments. The exact mode of ergotaminc action 
still remains to be determined. 

Studies on barbiturates. XXIX. The delay in 
onset of action of intravenously injected barbital 
solutions. Theodore Koppanyi. Georgetom 
Univ., School of Medicine. It is welFknown that 
following intravenous injection of solutions of 
sodium salts of barbital and phenobarbital there 
is a marked delay in the onset of action (from 
10-20 minutes), whereas salts of other barbitviric 
acids given by vein produce anesthesia al- 
most instantaneously. Klimeschi and Klimesch 
and Starkenstein® endeavored to explain this 
phenomenon by the assumption that the onset 
depends upon the conversion of the sodium salt 
to the lipoid-soluble acid and that the lag in the 
onset of anesthesia in the case of barbital and phe- 
nobarbital is due to a slow rate of conversion and 
this parallels the hydrolysis of the salts in vitro. 
This explanation was questioned by Bush= who 
showed that there was no correlation between 
the hydrolysis of the sodium salts of various bar- 
biturates, their acid-salt ratios at the pH of the 
blood, and the rate of onset of anesthesia. 

Koppanyi'' has shown that there is an immediate 
conversion of sodium barbital to the acid form when 
added to drawn blood. This writer has recently 
developed a method by which diethylbarbituric 
acid can be dissolved in water using propylene 
glycol as a common solvent. Accordingly, 5 per cent 
solutions of diethylbarbituric acid in water- 
propylene glycol mixtures could be injected in- 
travenously. In dogs, following the injection of 
200 mg. of barbital per kg. the onset of ataxia and 
prostration was delayed for an average period of 
15 minutes. The behavior of these animals differed 
in no wise front animals receiving 225 mg. per kg. 
of sodium barbital by vein, animals in both groups 
remained asleep for over 15 hours. 

* Klimesch: Arch. f. E.xpcr. Path. u. Pharmakol., 172: 10, 1933. 

* Klimc.sch anil Starkenstcin: Aroli. f. Exper. Path. u. Phor- 
raakol., 176. 494, 1934. 

* Bush: J. Pharmacol, and Exper. Thcrap., 61, 134, 1937. 

' Koppanyi, Murphy and Krop: Arch. Inter. Pharmacodyn. 
Thcrap., 46. 70, 1933. 
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Tliis result maj' be considered as a direct proof 
that the anesthetic lag following sodium barbital 
injection is not due to the greater stability of this 
salt iu the blood and tissues. 

The delay of onset of rigidity following oral 
administration of sulfanilamide in morphinized 
dogs. Theodore Koi'Panyi, Charles P. Mor- 
gan (by invitation) and A. Earl ITvino (by in- 
vitation). Gcorgctoivn Unit'., School of Medicine. 
aiorplune (10 mg./kg. intramuscularly), delayed 
the onset of decerebrate rigidity and/or decere- 
brate restlessness following oral but not following 
intraperitoneal administration of sulfanilamide. 

It was postulated that the morphine delay may be 
due to pylorospasm. The onset of rigidity was, 
therefore, compared in three groups of animals— 
controls, morphine-treated dogs, and dogs with the 
pylorus ligated. Following the oral administration 
of 3 gm./kg. of sulfanilamide, the following figures 
were obtained ns to the onset of rigidity : controls : 
1° 35'. 1° 30', 2° 10', 1° 40', 2° 20' and 3° 35'; mor- 
phine-treated: 24°, 6° 20', 6° 2', 13° 33', 11° 15', and 
11° 45'; pylorus-ligated dogs : no rigidity within 24 
hours. 

The blood concentrations (Marshall test) showed 
a close parallelism to the physiological state of the 
animals. The free sulfanilamide concentration for 
the controls averaged 298 mg. per 100 cc. of blood 
after 3 hours, and 194 mg. per cent after 24 hours. 
For the pylorus-ligated animals the blood values 
were 14.2 mg. per cent after 3 hours and 97 mg. per 
cent after 24 hours ; for morphine-treated animals 
the average blood values were 24 mg. per cent after 
3 hours and 109 mg. per cent after 24 hours. These 
observations show that the blood sulfanilamide 
rises rapidly in controls and declines the following 
daj’, whereas the blood sulfanilamide of morphi- 
nized and pylorus-ligated animals rises slowly 
and is much higher the next day. This agrees with 
the physiological observation that, (a) in morphi- 
nized animals the onset of action is delayed and 
(b) the rigidity is maintained far longer than in the 
controls. 

Following the oral administration of 3 gra. of 
benzenesulfonylamide, the controls showed rigid- 
ity in 55 minutes, and 1 hour and 10 minutes ; the 
morphine animals showed rigidity in 2° 47', 2° 10', 
and 2°20'; and the pylorus-ligated dog showed 
rigidity in 2° 40'. 

In resum6, morphine delays the onset of and pro- 
longs the nourotoxie action of sulfanilamide by 
extending the sojourn of these drugs in the alimen- 
tary tract. This should be taken into consideration 
when sulfonamides are administered to morphi- 
nized patients. 

The neutralization of gastric acidity with basic 
aluminum aminoacetate. John C. Kk.\ntz, Jr. 
and (by invitation) DoROTHi" Y. Ivibler and 
Frederick IC. Bell. Dept, of Pharmacology, 


School of Medicine, Vniv. of Maryland, Baltimore. 
It occurred to the authors to attempt to prepare 
an aluminum salt of nn aminoacid which might give 
the dual effect of immediate acid neutralization by 
the amino group and secondary prolonged buffering 
of acid by the methathesis of the aluminum salt of 
the aminoacid and the strongly dissociated hydro- 
chloric acid. Accordingly aluminum dihj'droxy- 
aminoacctatc was prop.ared which has the following 
structure 

OH 

* / 

Al— OH 

\ 

O— C— CHs-NH! 

!i 

0 

The compound was found to have a prompt and pro- 
longed buffering effect on acid and to be very useful 
in the treatment of hyperacidity and peptic ulcer. 
On the basis of the aluminum content, basic alu- 
minum aminoacetate is 42 per cent more efficient 
in acid-consuming power than dried aluminum 
hydroxide gel. 

The effect of hypnotics on the action of insulin. 
Edward Larson. Dept, of Pharmacology, Temple 
Vniv. School of Medicine, Philadelphia, Pa. Since 
the reported results of hypnotics on the blood 
sugar are variable (Murphy and Young. J. Physiol. 
76: 395, 1932. Goodman and Gilman. The pharma- 
cological basis of therapeutics, pp. 135 and 201, 
1941) studies were made on the effect of barbital 
sodium and morphine sulfate on the blood sugar of 
the rat in the normal state and also when treated 
with insulin. 

Under standardized conditions, the blood sugars, 
for five consecutive hours of a group of ten rats, 
were determined under each of the following con- 
ditions: normal, with insulin, with barbital so- 
dium, with barbital sodium plus insulin, with three 
different doses of morphine sulfate and with 
these three doses of morphine sulfate plus insulin. 
The blood sugar of the normal rat, as previously 
reported by several investigators, is relatively con- 
stant. Morphine sulfate (12 mgm. per kgm.) and 
barbital sodium (0.1 gm. per kgm.) had only a slight 
depressing action on the blood sugar but when 
insulin was administered, these drugs in these 
doses had an anti-insulin action. Morphine sulfate 
in greater doses, (25 mgm. and 50 mgm. per kgm.) 
caused variable changes in the blood sugar, in some 
there was a hypoglycemia and in some, a hyper- 
glycemia. These doses of morphine sulfate intensi- 
fied the hypoglycemic action of insulin. 

A method of biological assay for the detection of 
DDT (2,2 bis (p-chlorophenyl 1,1,1 trichloro- 
ethane). Edivin P. Laijg (introduced by R. 
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definitely but moved normally when aroused by 
an adequate stimulus. Since the tetrahydrocan- 
nabinol acetate is about six times more active than 
parahexyl in terms of their effect in the dog 
(ataxia),, the lethal effect is obviously not corre- 
lated with the marihuana activity. The enormous 
doses tolerated without loss of consciousness dem- 
onstrate that the conception that the specific 
central action of marihuana aligns the drug with 
the hypnotics or narcotics is invalid. 

The sympathomimetic activity of histamine. 
David Marshi (by invitation) and Robert A. 
Woodbury. Dept, of Pharmacology, Univ. of Geor- 
gia School of Medicine, Augusta. The adrenergic 
vasodilator activity shown by the intravenous ad- 
ministration of true sympathomimetic agents such 
as epinephrine and butanefrin after the adniinistra- 
tion of a sympatholytic agent such as yohimbine or 
piperidinomethylbenzodioxan (933F) produces the 
same tj'pe of femoral arterial pressure pulse con- 
tours in the unanesthetized, decapitated or ure- 
thanized cat and dog as those produced by small 
doses of histamine (1 to 50 micrograms per kg.). 

In the atropinized cat the first few injections of 
butanefrin produce adrenergic vasodilation without 
the assistance of a sympatholytic agent, while fur- 
ther injections produce only adrenergic vasocon- 
striction. The administration of ephedrine will 
markedly reduce or block this primary vasodilation 
and allow the agent to show only its constrictor 
activity. 

Although histamine certainly produces capillary 
changes in the rabbit and large doses produce car- 
diac weakness, many rabbits show enough pre- 
capillary arteriolar vasoconstriction from its intra- 
venous injection in moderate doses that the net 
result is a rise in systemic arterial pressure. In such 
rabbits, butanefrin after complete atropinization 
gencrallj’’ gives only a rise in pressure and the sym- 
patholytic agents fail to produce reversal of action 
of adrenergic drugs. In rabbits, which respond to 
histamine with vasoconstriction followed by de- 
layed vasodilation, butanefrin produces vasodila- 
tion in addition to vasoconstriction, but the vaso- 
dilator activity of both can be blocked with ephed- 
rinc in large amounts (5 mg./kg.). [This study teas 
partially supported by a grant from Eli Lilly d; Co.] 

Comparison of blood pressure and serum potas- 
sium effects of some sympathomimetic amines. 
Foster N. Martin, Jr. (introduced by Ralph G. 
Smith). Depts. of Pharmacology, Univ. of Michi- 
gan, and The Medical College of the Stale of South 
Carolina. The experiments were performed on cats 
anesthetized with pentobarbital and atropinized. 
Blood pressure was recorded with a mercury ma- 
nometer. Blood samples were taken from an artery 
before and, as frequently as possible, after the 


drug injection. The serum potassium was deter- 
mined by the method of Hoffman using the Evelyn 
photoelectric colorimeter and a 600 my filter. 

In the compounds studied the intensity of both 
effects is greatest with epinephrine and decreases 
with the removal of hydroxyl groups from the ring, 
the hydroxyl from the side chain, the methyl from 
the amino group, and on changing the ethyl to a 
propyl side chain or combinations of these changes. 
The blood pressure and potassium effects are appar- 
ently independent since alternation of chemical 
structure usually changes one of these effects more 
than the other and since increase in dosage pro- 
duces a comparatively greater increase in potas- 
sium effect than in blood pressure effect with 
certain compounds and the reverse with others. 
The simpler compound, aniline, still produces a 
potassium increase though the blood pressure falls. 
n-Amylamine raises the pressure but not the potas- 
sium on the first dose, the second dose causing a 
fall in blood pressure. n-Butylamine in small doses 
lowers the potassium but raises the blood pressure; 
in large doses it raises the potassium and lowers the 
blood pressure. The potassium effect of large doses 
of butylamine are not altered by ligating the ad- 
renals. 

Assay of testosterone propionate using castrate 
male rats. Donald R. Matiiieson and Harry W. 
Hays (introdueed by F. F. Yonkman). Dept, of 
Pharmacology, Ciba Pharmaceutical Products, 
Inc., Summit, N. J. In order to establish the cas- 
trate rat as a test animal for androgen assay it was 
necessary to determine : (1 ) the age at w'hich rats 
could be castrated without waiting for seminal 
vesicle atrophy, (2) the optimum time for removal 
of seminal vesicles and (3) the establishment of a 
dose response curve. 

It was found that the optimum time for castra- 
tion was twenty-six to twenty-nine days of age, 
since at this time the seminal vesicle growth had 
not yet been accelerated. Also, rats castrated at 
this age responded in the same degree to Testos- 
terone propionate from seven to three-hundred and 
fifty days after castration. If older rats were used, 
the seminal vesicle regression was slow and irregu- 
lar and the response to Testosterone propionate was 
directly proportional to the degree of atrophy. 

The maximal effect of Testosterone propionate on 
seminal vesicle growth was obtained at 72 hours 
with doses less than one milligram and at 96 hours 
with one milligram or more. A dose-response curve 
for Testosterone propionate has been established 
for doses ranging from 0.10 mg. to 1.00 mg. at 24, 
48, 72 and 96 hours. Application of the “t” test 
showed a significant difference between adjacent 
as well as alternate groups when the seminal vesi- 
cles were removed at 72 hours. 

Using the e.xperimental design of Bliss (’44) a 


> Now at University of West Virginia, Morgantown. 
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nipid !iu(l coiivciik'.nf, luulliotl of assay has liccii 
established for androgens. 

Comparison of the influence of morphine and a 
morphine antagonist, N-altylnormorphine, on the 
respiration of rat cerebrum. Nelicia Maveu (by 
invitation) and E. L. McCawlet. Dept, of Phar- 
macology, Yale Vniv., School of Medicine. One 
,of the most characteristic actions of morphine, 
aside from analgesia, is its depression of respiration. 
An analogue, N-allylnormorphinc, is an antagonist 
to most of the actions of morphine. In particular 
it is a powerful stimulant to respiration depressed 
by morphine. 

Seevers and Shideman have studied the action of 
morphine on the respiration of rat cerebrum. In * 
attempting to localize the action of morphine to 
cellular oxidative and tissue metabolism systems, 
they found morphine to depress the extra oxygen 
uptake with added lactate and to a lesser extent 
with pyruvate, glucose and a-kctoglutarate. 

Using rat cerebrum slices with the Warburg tech- 
nique we have compared the action of morphine 
and N-allylnormorphine on the extra oxygen up- 
take with added p-phenylenediamine (cytochrome 
oxidase), pyruvate, lactate, succinate and glucose. 

Under the concentrations used, 0.003 to 0.015 M, 
neither drug has any effect on the response pro- 
duced by added succinate or p-phenylenediamine. 
With added lactate, pyruvate and glucose, N-allyl- 
normorphine produces a greater depression of oxy- 
gen uptake than does morphine. Thus one must 
look for another explanation than depression of 
brain tissue respiration to understand the differ- 
ences in pharmacological action between morphine 
and N-allylnormorphine. 

Antihistaminic and antianaphylactic activity in 
vitro and in vivo of some a-aminopyridyl deriva- 
tives. Rudolf L. Mayer, Charles P. Hdttrer 
and Caesar R. Soholz (introduced by E. Oppen- 
heimer). Depts. of Bacteriology and Chemistry, 
Research Division, Ciba Pharmaceutical Products, 
Inc., Summit, N. J. Slaub (Ann. Inst. Pasteuriza- 
tion 63 : 400, 485, 1939) discovered the antihista- 
minic and antianaphylactic activity of N'-phenyl- 
N'-ethyl-N-diethylethylenediamine (1571F). Hal- 
pern (Arch. Int. Pharmacodyn. 68 : 339, 1942) 
studied some of its homologues and found N>- 
phenyl -N '-ethyl -N -dimethylethylenediaminfe and 
N'-phenyl-N'-benzyl-N-dimethylethylenediaminc 
more active and less toxic for man. 

We prepared and studied the activity of certain 
a-amino-pyridyl derivatives of the general formula; 

■ R; 

R; 1 

>\jf/'~N.CHs-CH5-N(R,)j 

1. Activity in vitro: Histamine contraction of the 
guinea pig intestinal strip. In Table 1 are re- 


corilcd Iho rota! ivc activities of different com- 
pounds, assigning an arbitrary value of 1 to 
compound G3-C, this being the nio.st potent 
of the scries. In the following compounds R; 
represents .always CHj, Ri and R* varied as 
indicated. 


No. 

Compound 

Relative' 

activity 

Ri “ pyridyl 

63-C 

Ri ■= Benzyl 

1 

B2-G 

« Phenyl 

i/too 

S2-C 

« Isopropyl 

1/150 

84-C 

*» Pyridyl j 

Almost 0 

Rt « benzyl 

C3-C 

Ri = Pyridyl 

1 

100-C 

“ a-piconilyl 

I/IO 

«t-C 

= 7-picotdlyl 

1/75 

74-C 

^'piconilyl 

I/lOO 


O.OI-O.I7 of 63-C per ml. bathliquid prevented the 
contraction produced by I7 of histamine diphos- 
phate. 

2. Activity in vivo: Asthma and convulsions pro- 
duced by histamine inhalation (Kaiios and 
Page!, Act. Med. Soand. 91 : 292, 1937, Hal- 
pern, l.c.). 63-C was about twice as active as 
the corresponding phenyl-derivative, five 
times more active than the y-picoline deriva- 
tive and one-hundred times more active than 
the 01-picoIine compound. 

One-tenth mg. of 63-C per kg., given subcu- 
taneously, protected the majority of animals 
for two to six hours or more, from histamine 
convulsions ; one mg. per kg. from all signs of 
convulsions and asthma. 

3. Anaphylactic shock in guinea pigs: (horse- 
serum) 0.5 mg. per kg. of 63-C injected subcu- 
taneously, protected all animals from acute 
and over 50% from sub-acute shock. The pro- 
tection was almost absolute with 1 mg. per kg. 
A second shock injection, four days after these 
prophylactic experiments, proved that the 
animals were now in a state of antianaphylaxis . 

The action of all these substances is specifically 
directed against histamine (Staub, Halpern, l.c.). 
The antihistamine activity of 63-C is one-hundred 
times higher than its antiacetylcholine activity 
contrary to Trasentine which is 100 times more 
active against acetylcholine than against histamine. 

Variation of chemical substituents on the nitro- 
gen atom of morphine and activity on respiration. 
B. L. McCawley. Dept, of Pharmacology, Yale 
Univ,, School of Medicine. Von Braun has prepared 
a series of codeine derivatives by varying the radi- 
cal substituted on the cyclic nitrogen atom. Phar- 
macologically these compounds may be grouped 
into codeine-like drugs and codeine (or morphine) 
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antagonists. Tlicse studies arc now extended to the 
morpliinc series. 

Five derivatives of inorpliine witli changes on I he 
nitrogen ring were studied as regards their effect on 
the respiration of rabbits. N-n-Butylnormorphine 
produces less depression of respiration than mor- 
phine although the duration of action is about the 
same. Morphine bromomethylate evokes a similar 
degree of respiration as does morphine, but the 
activity is of short duration. Normorphine causes a 
slight depression of respiration followed by a stimu- 
tion. N-alljdnormorphine administration at dosage 
of 5 mg./kg. is followed by a stimulation of respira- 
tion but respiration is depressed with 20 
mgm./kgm. 

N-allylnormorphine in doses varying from 0.2 to 
20 mgm./kgm. causes an immediate recovery from 
the narcosis and respiratory depression evoked by 
20 mgm./kgm. of morphine; the duration of stimu- 
lation of the depressed respiration increases with 
increasing dosage of N-allylnormorphine. If nor- 
morphine antagonizes the depression of respiration 
by morphine, such antagonism is at best equivocal. 

The effect of p-aminohippuric acid on the bac- 
teriostatic action of sulfanilamide. A. Kathrine 
Miller (by invitation), Adelle Rannefeld (by 
invitation) and Karl H. Beyer. Depl. of Pharma- 
cology, Medical- Research Division, Sharp and 
Dohmo, Inc., Glenolden, Penna. Beyer et al. (Sci- 
ence 100 ; 107, 1944) have announced that p-amino- 
hippuric acid (PAH) administered with penicillin 
competes with the latter for a common tubular 
excretory mechanism thereby causing a retention 
of penicillin in the body. It is possible that thera- 
peutic advantage would accrue from the combined 
use of sulfonamides and penicillin, as anticipated 
by Ungar (Nature, 152: 245, 1943). It follows that 
this effect would be accentuated by the combined 
use of PAH and penicillin with the sulfonamide 
provided the PAH does not possess the antisulfon- 
amide activity of p-aminobenzoic acid (PAB) from 
which it is derived chemically. 

We have compared the effect of PAH with that 
of PAB on the bacteriostatic action of sulfanilamide 
(SA) on Escherichia coli. Varjdng concentrations of 
PAB (lM/500 to M/128,000) or PAH (M/50 to 
M/12,800) were added to tubes of bacto-peptonc 
medium with and without the addition of SA 
(M/200) . Control tubes of unsupplemented bacto- 
peptonc medium were included in each test. The 
effect of the compounds on the multiplication of 
E. coli was determined by measuring turbidities 
photoelcctrically at the time when growth in the 
control tubes was just maximal. 

Under these conditions neither PAB nor PAH 
influenced the growth of E. coli except at the high- 
est molarities (M/40 PAH stimulated and M/500 
PAB somewhat inhibited growth). Thealmost com- 
pletely bacteriostatic effect of j\I/ 200 SA was not 


iidiibited to any notable extent by concentration 
of PAH uj) to M/.50 whereas approximately G0% 
inhibition occurred in the i)rcscncc of M/128,000 
PAB. 

Comparison of mercuhydrin with mercupurin as 
diuretic agents in man. Walter Modell, Harry 
Gold and Donald A. Clarke. Dcpl. of Pharma- 
cology, Cornell Univ. Medical College, New York, 

N. Y. In previous papers we described a method 
for the quantitative eomparison of diuretic agents 
in ambulant patients with advanced congestive 
heart failure. The patient is weighed, a dose is 
given, and its effect determined by the loss of 
weight about 15 hours later. A week elapses during 
which time the edema reaccumulates and the ini- 
tial weight is regained. In this way it is possible to 
repeat the treatment as many times as neegssary in 
similar states of edema to secure a reliable average 
response to a given dose as a basis for comparison 
with other agents used in the same manner. The 
new mercurial, mercuhydrin, was compared with 
with mercupurin in this way using 0.5, 1.0, and 2.0 
cc. doses intravenously (43 patients), and 1.0 and 
2.0 cc. doses intramuscularly (24 patients). The 
results in 139 intravenous comparisons (278 doses) 
show'ed that the two drugs were equally effective, 
average weight loss 4.5 lbs. for mercupurin, 4.4 lbs. 
for mercuhydrin. It was similar for 35 intramuscu- 
lar comparisons (70 doses) ; average weight loss 3.9 
lbs. for each drug. 

Observations on the local irritant action of intra- 
muscular injections in 65 comparisons (130 injec- 
tions) in 39 patients strongly favored mercuhydrin, 
but since subjective symptoms and judgments were 
involved, this experiment was repeated w’ith the 
injections made as unknowns (“blind tests”). The 
key was applied after all analyses ivere made. There 
were 20 patients and 35 doses of each drug injected 
into the biceps or gluteal muscles. The system of 
grading gave the higher score to the more severe 
local pain. The average scores for mercuhydrin were 

O. 6 and 0.7, and for mercupurin 1.5 and 2.1. Mercu- 
hjnlrin, is, therefore, much less painful by intra- 
muscular injection than mercupurin. 

Further studies on the effect of sulfonamides on 
the central nervous system. Charles F. Morgan 
(by invitation), Theodore Koppanyi and A. Earl 
ViviNO (by invitation). Georgetown Univ., School 
of Medicine. This is a continuation of last year’s 
report published in this journal. The investigation 
was extended to include benzenesulfonylamide, 
sulfadiazine and sulfamcrazine, administered by 
mouth, and sulfanilamide, sulfapyridine and 
sulfathiazole, as well as the former drugs, 
administered intraporitoneally. Dogs were used 
throughout. 

Of the newer drugs studied, only bonzencsulfo- 
nylamide produced decerebrate rigidity (8 dogs; 3 
grams/kg. by mouth), but this rigidity was inter- 
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niplod I'v doiiic .'iiid tonio poiiviilsiotis. Tlio rigid 
iicok Hiid hind legs niivy ridax vijinn slrokiitg flic 
fiiciid and soMud skin. S>dfndiii-/,ine sind snlfamor- 
azinc, in dosc.s up U> 7.5 grunis/kg. liy mouth (vomit- 
ing was prevented by morphine administration), 
produced no marked ncurotoxic symptoms on the 
day of administration hut clonic epileptiform 
seizures with salivation developed t he next day and 
the following days. Delayed death often occurred in 
3-0 days. Sulfathiazole, sulfadiazine and stdfa- 
mcrazine, in doses of 1 gram/kg., when given intra- 
peritoneally produced complete analgesia, loss of 
reflexes, loss of sight and hearing and clonic con- 
vulsions within 2 hours following administration. 
These convulsions, as well as those produced by 
sulfapyridine, were of periodic nature, e.g., at the 
beginning they appeared every 10 or 15 minutes, 
they they became more frequent and often stopped 
several hours before death. 

Mydriasis and absence of the light reflc.x was also 
demonstrated for sulfathiazole, sulfamcrazine and 
benzenesulfonylamide. This mydriasis is not an 
atropine-like action but probably of central origin 
because moderate doses of pilocarpine instilled 
produced prompt miosis. 

In resumfi, sulfanilamide produced rigidity only, 
benzenesulfonylamide rigidity and convulsions, 
the other sulfonamides periodic convulsions only 
(mainly clonic). The abolition of the light reflex 
is probably of central origin. 

Effect of certain choleretic agents on the cholic 
acid and cholesterol content of hepatic bile. 
James L. Mobbisox. Pharmacology Laby., School 
of Medicine, Emory University, Ga, The sodium 
salts of «-chloroproprionic, a-bromoproprionic, 
a-bromobutyric, a-bromoisobutyric, a-bromova- 
lerio, a-bromoisovaleric, and a-bromo-n-caproic 
acids produce a marked hydrocholeresis in pento- 
barbitalized dogs within 5-6 minutes after intra- 
venous injection, lasting from 1-5 hours (Fed. Proc. 
3 : 83, 1944). Samples of hepatic bile taken from a 
common duct cannula were analyzed before and 
after intravenous injection of the above halo- 
genated fatty acids for cholic acid, cholesterol, and 
total solids. This was repeated in a series of dogs 
receiving only intravenous injections of saline. 
Cholic acid was determined by the method of Irndn 
(J. Biol. Chem. 153 : 439, 1944). The total bile 
excreted during each hour period was combined and 
used for analysis, samples being taken until the bile 
flow had returned to normal for at least three hours. 
Results indicate that with all the agents studied 
■ the cholic acid, cholesterol, and total solids vary 
inversely to the bile flow. 

Amphetamine: A special case of sjanpatho- 
mimetic activity. MicnAEi. G. MtJUNOS. Dept, of 
Medicine and Pharmacology, New York Medical 
College. The pharmacology of amphetamine (Am.) 
was investigated irsing the following effects as 


criteria of aelivity. a. The size of Mio normal, the 
dcncrvalod or (lie dneentmlized iris of the rabbit 
and (be irks and nictitating niombranc (nm) of the 
cal. h.Slinuilation of the sympathetic nerves to the 
iris, nm. gut and blood vessels. 

Results : a. Am. dilates the intact and the decen- 
tralized iris but not the denervated iris of the rab- 
bit. b. Am. contracts the denervated nm of tlie cat 
but feebly, c. On the nm, iris, gut and blood vessels. 
Am. “saturates” tbo point at which it acts so that 
more Am. is ineffective yet epinephrine and sympa- 
thetic nerve stimulation are as effective as ever, 
d. Neither nicotine saturation nor recent ganglion- 
cctomj' abolish the effects of Am. e. Am. at first 
inhibits the intestine of the pithed cat. A second 
dose of Am. is usually stimulatory although epi- 
nephrine and splanchnic stimulation are still in- 
hibitory. f. Am. intravenously activates the intact 
iris and nm ; raises blood pressure and inhibits the 
gut, yet it does not dilate the denervated iris or the 
denervated nm. These it should do through the 
production of sympathin if it acts on adrenogenic 
nerves in the classical sense. 

From these data it was concluded that amphet- 
amine acts by slimvlaling those sympathetic nerve 
endings which act upon the effector cells directly and 
not upon those which act by way of a mediator. 

Effects of benzotriazole on the nervous system. 
Mask Nickebson (by invitation) and Louis 
Goodmax. Dept, of Pharmacology, Vniv. of Utah 
School of Medicine, Salt Lake City. The structural 
similarity between benzimidazole and benzotria- 
zole prompted an investigation of the latter’s action 
on the c.n.s. Experiments on intact and low spinal 
animals indicate a selective depressant action of 
benzotriazole (200-300 mg./kg., i.p.) on the spinal 
cord. Nociceptor cord reflexes are abolished at a 
time when corneal, pharyngeal, and pinna reflexes 
are active and the animal appears conscious. Benzo- 
triazole causes less enhancement of two neuronal 
cord transmission and less decrease in skeletal 
muscle tone than does benzimidazole. With these 
doses respiratory exchange is markedly increased. 
The EEG (rabbits and cats) is unaltered except 
by very high doses. 

Benzotriazole (2.0% solution) is also a potent 
surface and injection local anesthetic, and does not 
appear to injure nerve tissue. However, it is irri- 
tating to mucosal and subcutaneous tissues. 

The cord action of benzotriazole is reflected in 
the fact that it will protect mice against three or 
more lethal doses of strychnine. However, metra- 
zol convulsions, although decreased in severity and 
made more clonic, are greatly prolonged, lasting 
intermittently for 3-4 hours after a single injection. 
The duration of the electrically recorded cortical 
response to subeonvulsive doses of metrazol (bursts 
of rhythmic activity, frequency about 5/soc.) may 
be increased five times, and after benzotriazole, the 
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typical EEG seizure pattern produced by con- 
vulsant doses of metrazol is less Jikelj'’ to be accom- 
panied bjMiiotor activit.y. [This invcslicjalion xoas 
suppurlcd by a (jranl from Givaudan-Dclaioanna, 
Inc.] 

Studies of the metabolism of 2,2-bis (para- 
chlorophenyl) 1,1,1-trichloroethane (DDT). 
RuthR. Ofner (by invitation), Geoffrey Wood- 
ard (by invitation) and Herbert 0. Calvery. 
Division of Pharmacology, Food and Drag Ad- 
minislralion, Federal Seeurily Agency, Washington, 
D. C. When sublethal doses (50-200 ing./kg.) of 
DDT are fed to dogs and rabbits, there appears in 
the urine from 0.3 to 4 mg.% of organically bound 
chlorine. Approximately 80% of this chlorine is in 
combination with an acidic material. When the 
colorimetric method of Schechter and Haller 
(J. A. C. S. 66: 2129, 1944) which gives character- 
istic colors with DDT and related compounds be- 
came available, it was immediately adapted for use 
in this study. The color developed with the acidic 
material gives an absorption curve identical with 
that obtained from p,p'-dichlorobenzophenone. 
The vigorous oxidative procedure inherent in the 
intensive nitration in Schechter’s method converts 
any DDT metabolite possessing the p,p'-dichloro- 
diphenylmethyl radical with the exception of DDT 
itself and the 2,2-bis (p-chlorophenyl) 1,1 dichlo- 
roethane to the above ketone. In the meantime. 
White and Sweeney (Pub. Health Rep. 60: 66, 
1945) reported the isolation and characterization of 
this acidic material as 2,2-bis (p-chlorophenyl) 
acetic acid. We have further studied the remainder 
of the organically bound chlorine which is neutral 
in character. DDT if present in the urine would be 
in this fraction but its presence could not be 
demonstrated. Upon acid or alkaline hydrolysis an 
acidic material identical with the above acid is 
slowly formed. This means that the aliphatic chain 
of DDT is still intact. 

It has also been found that feeding the much less 
toxic 2,2-bis (p-chlorophenyl) 1 , 1-dichloroethyl- 
ene, a possible intermediary metabolite of DDT, 
results in similar urinary excretory products in the 
same proportion. 

This colorimetric method is recommended for the 
quantitative study of DDT distribution and 
metabolism. 

Effects of privinc and neosynephrine on the 
Starling heart-lung preparation. Eric Ogden and 
G. A. E-merson. Uriiv. of Texas Medical Branch, 
Galveston. Administration of privine HCl was pre- 
viously found to be followed by cardiac irregulari- 
ties, in doses > 10~* mM/kg. in the pentobarbital- 
ized dog. (J. Pharmacol., 82: 42, 1944). Cardiac 
output (by direct measurement and rotameter)* 
arterial and venous pressures, hematocrit and blood 
volume (Evans’ blue) were estimated in heart-lung 
preparations in which both donor and recipient 


dogs H'cre nai'colized with pentobarbital, ether, 
morjihinc or combinations of those agents. Effects 
were noted after addition of 10“’- 10“‘ inM/L. of 
privinc HCl, 5.10“’- 10“’ mM/L.of neosynephrine 
HCl and 10“' - 10“’ mM/L. of epinephrine HCl. 
In this preparation privine is without appreciable 
influence on heart rate. As evidenced by changes in 
output and venous pressure, even the highest doses 
of privine had little effect if the venous pressure 
were low. However, in preparations with rising 
venous pressure and impending failure even small 
doses of privine always appeared to show a negative 
inotropic effect and accelerate the development of 
failure. 

Neosynephrine regularly showed positive ino- 
tropic effects at all levels of venous pressure and 
was without significant effect on heart rate. Epi- 
nephrine invariably lowered the venous pressure 
but no evidence in these experiments indicates 
how far this was due to cardiac acceleration or how 
far to a positive inotropic effect. 

The influence of ether and dial upon the pene- 
tration of sulfathiazole into the cerebro-spinal 
fluid. Mervin Perdue (by invitation), Carl 
Screws (by invitation), and R. S. Teague. Dept. 
of Physiology and- Pharmacology, Univ. of Ala- 
bama, School of Medicine. The use of sulfathiazole 
in meningitides is limited because of the low con- 
centration reached by the drug in the cerebro- 
spinal fluid. A study is being made of the influence 
of certain substances which affect the caliber of 
cerebral vessels upon the cerebro-spinal fluid con- 
concentration of sulfathiazole. For example, the 
effect of ether, which has been described as a vaso- 
dilator for cerebral vessels, has been compared with 
the effect of dial, which tends to constrict the cere- 
bral vessels. Dogs anesthetized with one or the 
other anesthetic were given an injection of 10 
cc./kg. of a 2.4% solution of sodium sulfathiazole 
sesquihydrate intraduodenally after ligation of the 
pylorus. The sulfathiazole levels in the blood and 
cisternal fluid were determined subsequently each 
hour for five hours. Although the blood sulfathia- 
zole concentrations in the two groups were identi- 
cal, the cerebro-spinal fluid levels in dogs anesthe- 
tized with ether were 30-40% higher than in those 
anesthetized with dial. Thus ether increases the 
penetration of sulfathiazole into the cerebro-spinal 
fluid. Although it is presumed that this effect 
occurs by virtue of the increased cerebral vascu- 
larity induced by the ether, secretion of sulfa- 
thiazole by the choroid plexus as opposed to in- 
creased diffusion is not necessarily ruled out. 
[Aided by the Univ. Research Fund. ] 

Effect of digitalis on coagulation time of blood. 
Helen Ramsey (by invitation), N. W. Pinsciimidt 
(by invitation), and H. B. Haag. Dept, of Pharma- 
cology, Medical College of Virginia, Richmond. 
Recent publications indicate that the administra- 
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tion of (lipitiilis clocrenses tlic coagulation time of 
blood. In an extensive scries of experiments, in 
wliicli coagulation time rvas detcrmine<l by a modi- 
fication of tlio Lcc-IVhitc method, wo obtained tlie 
following rosult.s; 

In dogs niaintaincd under dial or sodium pento- 
barbital anesthesia the intravenous injection of 
USP reference tincture of digitalis, diluted 1:15 
(1 cc. per Kg. body weight every five minutes) orof 
gitalin, diluted 1:5000 (0.25 cc. per Kg. every five 
minutes) resulted eventually in a reduction of 
coagulation time by approximately 2 minutes (nor- 
mal coagulation time was about 5 minutes). Almost 
no change was effected bj’ digitalis administered in 
the same manner to etherized dogs. 

Intravenous administration of one-half the f.atal 
dose of digitalis to trained unancsthetized dogs did 
not shorten coagulation time. 

Daily oral doses of digitalis to toxic amounts to 
unanesthetized dogs bad no effect upon coagulation. 

Preadministration of heparin to cats in amount 
sufficient to render the blood incoagulable did not 
alter the toxicity of digitalis as determined b}' the 
official cat assay method. 

In vitro, digitalis produced no alteration in co- 
agulability of blood when compared with a control 
solution of equal alcohol content. These e.vperi- 
ments included addition of 0.1 cc. of the diluted 
tincture (1:10 and 1:100) to 1 cc. of freshly drawn 
blood from unancsthetized dogs and from dogs 
under dial anesthesia; addition of similarly diluted 
digitalis to blood containing varying amounts of 
heparin; and addition of heparin (1:1000 and 
1:2000) to blood containing varying amounts of 
digitalis. 

An in vitro method for the evaluation of anti- 
leishmanial agents', R.iCHEAnK. Reed and H.vmil- 
TON H. Anderson. Division of Pharmacology and 
Experimental Therapeutics, Univ. of California 
Medical School, San Francisco. It has been deter- 
mined that leishmania, in the form of L. D. bodies 
remain viable for 30 hours when infected splenic 
tissue is macerated and suspended in 0.9% sodium 
chloride solution containing 10% horse serum kept 
at room temperature (22-25°C.). For the in vitro 
screening of chemicals proposed for trial in leish- 
maniasis a spleen and liver from an infected Syrian 
hamster (Cricetus auratus) were macerated with 
sand in a mortar under sterile conditions, and sus- 
pended in 20 cc. of saline to which horse serum had 
been added. The mixture was centrifuged for one 
minute at 1000 R.P.M. in order to throw down 
tissue masses. The supernatant fluid containing 
■ the L.D. bodies freed from cellular debris was then 
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used in testing the efficacy of the various drug dilu- 
tions. Of the supcriiatnut 0.26 cc. was added to -1.5 
cc. of each dilution of the agents under investiga- 
tion, the concentrations used being 1:1,000; 
1 : 10,000 ; 1 : 100,000. The test tubes containing these 
mixtures were then agitated continuously at the 
fate of about 60 times per minute, at room tem- 
perature during the test. 

Samples were taken at 3 and 24 hours from each 
test tube and air-dried smears made and examined 
to determine presence of leishmania. At the same 
time N.N.N. media were inoculated and examined 
for viability after 7-10 days incubation at room 
temperature. Horse, not rabbit, blood was used in 
making the N.N.N. media. Some correlation be- 
tween this test and in vivo trials of drugs in experi- 
mentally infected hamsters may e.xist, especially 
with such an agent as stilbamidine. 

The antianaphylactic and antihistaminic activity 
and toxicity of N'-pyridyl-N'-benzyl-N-dimethyl 
cthylenediamine HCI. Barbara Rbnnick (by 
invitation), DoRoxjiy Chess (by invitation),. 
Harry W. Hays (by invitation), Donald Mathie- 
soN (by invitation), Rudolf L.Maitsr (by invita- 
tion) and Fredrick F. Yonkmak. Depts. of Phar- 
macology and Bacteriology, Research Division, Ciba. 
Pharmaceutical Products, Inc., Swmnii, N. J. Of 
several antihistaminic compounds produced Mayer 
Huttror and Scholz,reder,Proc., this issue) N'Apy. 
ridyl-N'benzyl-N-dimethylethylenediamine Hf^l, 
called Compound 63C for convenience, was very 
active in preventing certain actions of histamine ia 
vitro and in vivo. In perfused lungs of guinea 
pigs it was observed that 25-50 gamma of this com- 
pound: (a), protected completely and later, par- 
tially, against successive intratracheal injections 
of SO gamma of histamine phosphate for approxi- 
mately fifty minutes ; a subsequent dose of 63C was 
again effective after this interval, (b), protected 
aftera control injection of histamine, (c), protected 
fora longer interval, probably due to limited egress, 
when injected during the maximum constricting 
action of histamine and (d) protected less well 
when injected simultaneously with histamine. 

The perfused lungs of guinea pigs sensitized to 
horse serum were not protected against the bron- 
chiolar constricting effects of horse serum by 63C 
in any reasonable dosage. However, some protection 
was afforded to 3 to 7 pigs thus sensitized when 
treated with 5-20 mgm./kg. of 63C injected subcu- 
taneously 5-20 minutes before excision of the 
lungs. Slight protection appeared with the higher 
doses while four animals were unprotected in the 
same or lower dose range. 0,1 and 1.0 mgm./kg. 
afforded no protection when given intratracheally 
in the perfused, sensitized lung, whereas, hista- 
mine was decidedly less constricting following the 
horse serum. 

Wheals produced by intracutaneous injections of 
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0.05 ml. histamine phosphate, 1-1000, into the 
shaved skin of albino rabbits could be prevented by 
intravenous administration of 63C, 1.0 mgm./kg., 
and by gastric instillation, 300 mgm./kg., repeated 
at 30 minute intervals. This nullifying effect en- 
dured for more than 60 minutes. Evans Blue 
injected intravenously before other, drugs, facili- 
tated this study greatly since its extravasation oc- 
curred at the site of histamine injection unless 
adequately protected'by 63C; no such extravasa- 
tion occurred normallj’' after 0.05 ml. intracutane- 
ous injection of 0.85 per cent NaCl solution. 

The toxicity of this compound in terms of 
mgm./kg. and LD50 has thus far been determined 
as follows : 

White mice, subcutaneously, 30. 

White rats, females subcutaneously, 250, intra- 
venously, 10-11. 

White rats, males subcutaneoush', 350, intra- 
venously, 10-11 

Rabbits, subcutaneously, 33, intravenously, 
10 - 11 . 

The material is well tolerated by man since be- 
tween 200 and 500 mgm. (total oral dose) have been 
ingested by five subjects for 8 to 10 days without 
undesirable symptoms. Prolonged administration 
of 63C is now being studied. 

Cardiovascular response of the guinea pig to 
intravenous injections of histamine, epinephrine 
and piperidinomethyl-benzodioxan. C. A. Ross 
(introduced by C. D. Leake) and David F. Marsh 
(by invitation). Deft, of Pharmacology, IFcst Vir- 
ginia Univ. School of Medicine, Morgantoion. As 
determined with the Hamilton optical manometer, 
the normal unanesthetized guinea pig has a heart 
rate of 280 to 325 beats per minute and carotid arte- 
rial blood pressure of 110/70 to 125/76 mm Ilg. Five 
hundred to 800 grams male guinea pigs received 
5 mgm./Kg morphine sulfate subcutaneously' and 
one per cent procaine HCl at the site of the intro- 
duction of the cannula. Five tenths to 20 micro- 
grams/Kg histamine phosphate intrajugularly pro- 
duce transient vasodilation with blood pressure 
dropping to 90/60 to 70/40 with little or no change 
in heart rate. Larger doses (20 to 50 micrograms/ 
Kg) cause cardiac weakening also. In no case has 
any evidence of vasoconstriction been found. 

Epinephrine (2 to 4 micrograms/Kg) produces 
vasoconstriction with rises in blood pressure to 
130-85 without appreciable change in heart rate. 
In one instance there’ was a following delayed vaso- 
dilation with a fall in pressure to 98/63 mm Hg. 
Twenty to 60 micrograms/Kg iiroduce rises as high 
as 225/130 with the heart rate becoming as slow as 
72 beats per minute. Two mg/Kg of 933F partially 
antagonize the vasoconstriction produced by 10 to 
15 micrograms/Kg epinephrine. In no case has the 
t vpical epinephrine reversal been observed as is the 
rule with cats or dogs. 

Tlie urcthanized cavy has a much lower normal 


blood pressure and slow heart rate, but the respons 
to epinephrine, histamine and 933F is qunlitatiyel; 
similar to the unanesthetized guinea pig. All ani 
mals recovered from the experimental procedures 

Intrinsic iodine metabolism of the thyroid afte 
thiouracil and thiocyanate. W. T. Salter and (h 
invitation) E. A. McKay. Labs, of Phdrmacolog 
and Toxicology, Yale Univ., School of Medicint 
Thiouracil was administered to adult rats in heav; 
dosage (0.5 mgm. per kilo per day) for three weeks 
This medication was stopped, and during the re 
covery period the animals were treated with eithe 
thiocyanate (1 mgm. per kilo per day) or iodidi 
(0.5 mgm. per kilo per day), or both together. Col 
lateral histological studies were made. The resulti 
indicate (a) that dosage is highly important ii 
determining the response of the gland; (b) that th( 
effect of thioui’aeil and thiocyanate depends upoi 
the iodine supply at pharmacological levels; (c] 
that there are time lags not only' in the failure ol 
hormonal supply to the organism before the actior 
of thiouracil becomes manifest, but also in the 
recovery of normal glandular function after thio- 
uracil is stopped_; and (d) thiouracil and thio- 
cyanate probably e.xert an influence at different 
stages in the mechanism of natural hormone syn- 
thesis. 

The production of colloid by glands poisoned 
with drugs was studied. The symthesis of thywoid 
protein (“colloid”) can proceed independently of 
iodine metabolism and independently of endocrine 
potency. 

Factors affecting blood pressure reversal in 
ergotamine and yohimbine treated animals. Lloyd 
D. Seager, M. C. Pruitt (by invitation), H. L. 
Hippen (by' invitation) and R. Baldwin (by' invi- 
tation). Depts. of Pharmacology, Woman’s Medical 
College of Pa. and Univ. of Tennessee. In general 
the higher the initial blood pressure the greater the 
reversals to epinephrin obtained in dogs or cats 
oi'gotimized or yohimbinized. If the pressure is 
lou'ered by' Jiemorrliage, v'asodilator drugs (ni- 
trites, caffeine, histamine) the reversals become 
progressively' less and disappear entirely' at a criti- 
cal level usually' between 40 and 60 mm. Hg. As the 
pressure is lowered by' hemorrhage or vasodilators 
an initial pressor response may occur and become 
accentuated as the pressure is further reduced. 

The abolition of the reversal phenomenon at low 
pressures is not due to anoxia as raising a critically 
low pressure by pituitrin gives a return of the phe- 
nomenon. The reversal phenomenon, contrary' to 
the finding of Koppanyi, was not found to bo abol- 
ished by' atropine even in doses uj) to 100 mg. per 
kg. Good reversals were obtained under Nembutal, 
Amytal, Phenobarbital, Barbital, Evipal, and 
Pentothal anesthesia. Ergotamine and yohimbine 
in dosages giving reversal to epinephrine were 
found to abolish asphyxial rises in blood pressure 
and often reversed the response to overventilation. 
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EfTcct-or nephrotoxic doses oT quinine and urn- 
ium saI(s-on Icidnc.v function in the white rnl at 
j\v barometric pressure. Hi;uni:uT Sii.virm:. 
)c;if; of Pliarmacotoijn, I'nir. of Virginia, Clinr- 
iKcfriUc. Two series of white rat.s wore niveii daily 
iitniiicritoueal injections of ([uinine-lICI soln- 
ioii (1 ce. per rat), one of wliieli wa.s exitosed 
oa harometrie pressure of 2S2 nnn.ilj; in deeoin- 
ircssion chambers for 3 liours daily, while the 
thcr scries serveil as a rooin-pressuro control, 
juinine-freated aniinal.s exposed to low pressures 
espondod by a rapidly-incrcasinji polyuria, from 
n initi.al average of less than 1.0 ee. urine per ]t)0 
yarns body weight per 3-hr. period to an average 
f over 3.0 ec. at the end of 10 days. Thereafter the 
ondition of the animals rapidly deteriorated and 
ho polyuric response fell off from the maximum; 
mt at the end of M d.ays, the .average 3-lir. urinary 
j.xcretion w.as still almost 2.0 ec. Chloride deter- 
nin.ations made on tlic daily 3-hr. urine samples 
•cvealed a groat incre.ase in Cl concentration per 
:c. of urine which was maintained until the end of 
he e.xperiment. Taken in conjunction with other 
.vork reported from this Laboratory, these observa- 
tions seem to indicate that during exposure to low 
b.arometric pressures there is decreased reabsorp- 
tion of chlorides as well as of water by the renal 
tubules, which is augmented by the coincidental 
nephrotoxic action of quinine. 

Animals injected with a- nephrotoxic dose of 
uranium nitrate (0.3 mgm. U per rat) showed a 
marked polyuria at room pressure, which was main- 
tained almost up to the time of death, five or six 
days later. Other uranium-injected animals, ex- 
posed daily for 3 hours to 282 mm. Hg pressure, 
showed an almost identical polj-uric response. 
Evidently the uranium polyuria was maxinwl, 
hence could not be further increased bj' the anoxia 
of the renal tubules brought about by high-altitude 
exposure. [This invcsligalion has been made with 
the assistance of a grant from the Ella Sachs Plolz 
Poundation.] 

New aspects of barbiturate activity: effects of 
neostigmine. Doxald Slaughter.'" Dept, of 
Physiologg and Pharmacology, Soullmestern Mcdi- 
<^al College, Dallas, Texas. De Nito reported that 
neostigmine enhanced the depression of the CNS 
hy barbital. Other work indicating that barbi- 
turates possess cholinergic activity suggested test- 
ing the effect of neostigmine on their hypnotic 
activity and on their effect on pressure-pain 
threshold. 

The Eddj' method of pressure-pain response was 
employed. Animals (cats) were carefully obsenmd 
as to hypnotic effects at 1, 2, 4, G, or S hours after 
administnation of the drug. Sodium barbital, pento- 

Aided by a grant from Hoffmann-La Roche Company, Nul- 

Icy, New Jersey. 

Work was done at Baylor University College of 
Medicine, Dallas, Tevas. 


barhitjil, seconal, .sodium ahiratc, and asynthctic 
hypnotic, 31 M “Kochc,” were used, with and with- 
out neostigmine. Tests were conducted so that, 
for a given drug, a relatively sm.all dose alone was 
eompared with approximately twice that amount 
alone, and these cfTocts compared with flic action 
of the relatively small dose of neostigmine. 

In general, results indicate that neostigmine en- 
hanced tile hypnotic effects (ataxia, drowsiness, 
and full hj’piiosis) and reduced c.xcitenient pro- 
duced by the drug alone. Exceptions noted were 
that, in the 1st and 2nd hours only, neostigmine 
plus sodium !ilurnte decreased drowsiness and 
neostigmine plus 3114 “Roclic” decreased ataxia. 
Ncosligniiiio also increased the pressure-pain 
threshold with all drugs used, the average increase 
being 47.3%, with a range of 37.4 to 60.3%. 

Dark adaptation time following administration 
of sulfonamides. Donald SLAUGiiTEKb’and Julian 
P. AIaes. Dept, of Pharmacology and Physiology, 
Ihiiv, of Vermont, College of Medicine, Burlington. 
Dark adaptation time was determined in eighteen 
normal volunteers before, during, and after medica- 
tion with sulfathiazolc, sulfadiazine, and sulfa- 
nilamide. This was the time required to identify 
the direction of an oblong test light of log 1.6 g 
lamberts brightness, following exposure for three 
minutes to a bright light of 2.3 lamberts. 

The subjects were divided into three groups of 
six. Group .'V received four grams of sulfathiazole 
daily for three days in four doses and group B a 
similar dosage of sulfadiazine. In group C two sub- 
jects received four grams of sulfanilamide for three 
days, but in four cases the medication period was 
shortened because of definite toxic manifestations. 
Adaptometer tests were made three times daily 
at fifteen minute intervals for several days before 
and after (control period) as well as during the 
medication period. Blood levels of free sulfon- 
amides were obtained twice during the medication 
period, usually on the first and third daj-. The 
results are summarized in the following table. 
Mean dark adaptation times and standard devia- 
tions are given. 


i 

Group : 

1 

Drug 

Dark adaptation 
time (seconds) 

Blood 
sulfona- 
mides free 
mgm. % 

Control 
! period | 

I i 

Medica- 

tion 

period 

A 

Sulfathiazole 

1 

1 49 ± 20 

Sr ± 22 

' 6.0 1.3 

B 

Sulfadiazine 

42 =fc 22 

37 =b 19 

7.6 i: 1.4 

C 

Sulfanilamide 

44 ± 23 

C7± 40 

r.OiO.s 


,\s can be calculated from this table, no group 
revealed a statistically significant difference be- 


* Now with the Department of Physiology and Pharmacologj*, 
Southwestern Medical College, Dallas, Texas. 

2 Made jiossiblc by Therapeutics Research Grant No. -iS 
from the American Medical Af«oeiation. 
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tween the adaptation times of the control and 
medication periods, notwithstanding the fact that 
in the latter individual values sometimes ran high. 

Use of drugs in motion sickness. Paul K. Smith, 
Major, AC. Lahy. of Pharmacology and Biochemis- 
try, AAF School of Aviation Medicine, Randolph 
Field, Texas. Motion sickness was studied in 
human subjects who were swing sick and in naviga- 
tion and flexible gunnery students who were air- 
sick. Most of the drugs were parasympathetic 
depressants. Results on the swing suggested that 
hyoscine, hyoscyamine, atropine, homatropine, 
benzoyloscine, benzoyltropine and hyoscine plus 
prostigmine were all of some value. The drugs were 
studied in the same doses for their effect on saliva- 
tion, pulse rate and accommodation. There was a 
rough correlation between effectiveness in swing 
sickness and parasympatholytic activity, suggest- 
ing that some of the weaker drugs might be effec- 
tive in larger doses. Of the three most active drugs 
hyoscine suppressed salivation less than did atro- 
pine or hyoscyamine. None produced significant 
effects on accommodation. The addition of pros- 
tigmine to hyoscine abolished the suppression of 
salivary flow but did not increase the beneficial 
effect on swing sickness. 

In navigation students hyoscine alone was more 
effective than a mixture of hyoscine, atropine and 
sodium amytal or a mixture of hj'oscine, hyoscy- 
amine and niacin. Hyoscine alone was of value in 
reducing the incidence of airsickness in flexible 
gunnery students. 

The effect of digitalization on the coagulation 
time of the blood in man. L. Sokoloff, M. I. 
FERUEnand A. C. DeGraff. Dept, of Therapeutics, 
New York Univ. College of Medicine. The Lee- 
White blood coagulation time was determined in 
ten cardiac patients for several days preceding and 
following onset of oral digitalis therapy with either 
the U.S.P. XII leaf preparation or digitoxin. One 
cc. of blood, obtained expeditiously from the 
antecubital vein, was placed in each of three test 
tubes 14 mm. x 100 mm., which were jacketed in 
thermos-jug water baths between 35° and 40°C. 
After standing for 4 minutes, the first tube was 
tilted every tliirty seconds until the blood failed 
to flow down the side of the tube. Tins was re- 
peated for the second and the third, and the 
time that was required for the blood to fail 
to flow in the third was considered the coagu- 
lation time of the blood. Although the coagu- 
lation time fell in four cases, it was slightly 
increased in five, and unchanged in another. The 
average time was 9.46 minutes before and 9.50 
minutes foll6wing digitalization. Analysis of vari- 
ance was computed and showed that, although the 
variance between patients was very significant 
rccardlcss of therapy, the variance within the 
patients w.as within the experiment.al error. These 


observations do not support the hypothesis that 
oral digitalis therapy increases the coagulability 
of the blood. 

Chronic toxicity of “cumar.” Mayo II. Soley 
and Leonore Greenberg (introduced by Hamil- 
ton H. Anderson). Dept, of Medicine and Division 
of Pharmacology and Experimental Therapeutics, 
Univ. of California Medical School, San Francisco. 
“Cumar” is a complex synthetic resin, which was 
tested for possible chronic toxicity because of its 
use in the orange industr 3 ^'Spiridonoff (Fed. Proc. 
1 : 16S, 1942) showed that repeated daily adminis- 
tration of 100 mgm./Kg. of body weight produced 
toxic effects in mice. The dose used in our study 
was 10 mgm./Ivg. of bodj" weight per day in each 
of 30 mice which were so treated for 60 days and 
then observed on a ground fox chow diet for another 
30 days. These animals showed the same increase 
in growth and weight as 30 mice maintained on the 
diet without “Cumar.” There were no evidences 
of toxicitj' in the experimental series. There were 
approximately the same number of deaths in both 
the control and experimental series of mice (4 and 
6 deaths, respectively). The deaths in both series 
were from such miscellaneous causes as pneumonia, 
multiple abscesses, and parasites, while in three 
instances no cause of death could be found. It may 
be 'concluded that “Cumar” in a dose of 10 
mgm./Kg. of body weight produced no evidence of 
chronic toxicity in mice. [Supported in part by 
Food Machinery Corporation, San Jose, Cali- 
fornia.] 

The use of alkyl-dimethyl-benzyl ammonium 
chlorides in mosquito control. Charles H. Taft 
(introduced b}' C. D. Leake) and Russell W. 
Strandtmann (by invitation). Depls. of Pharma- 
cology, and Public Health and Preventive Medicine, 
Medical School. Univ. of Texas, Galveston. A 
mixture of high molecular alkyl-dimethjd-benzyl 
ammonium chlorides (“Roccal,” kindly furnished 
by the Winthrop Chemical Company) has been 
tried as a larvacide against Aedes aegypH and 
Culcx qiiinqucfasciatus. The dilutions of Roccal 
were made up in tap water and a small amount of 
peptone was added as food for the larvae. 

Under laboratory conditions in 600 ee. beakers 
against Culcx quinqucfasciatus, Roccal 1:100,000 
prevents hatching of eggs, kills larvae of any stage 
and pupae. Roccal 1:250,000 kills first and second 
instar larvae, some third and fourth instar larvae 
and some pupae. Higher dilutions up to 1:1,000,000 
reduce the number of larvae. 

Against Aedes aegypli Roccal 1:100,000 kills 
first, second and third instar larvae, but has little 
effect on pupae. Roccal 1:250,000 kills about S0% 
first instar larvae. The balance do not mature but 
remain for weeks in the stage in which they were 
exposed to the drug. 

If these results are applicable to field conditions 
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it would scoiu that Roccnl might be of value in 
mosquito control. 

The fate of diethylstilbestrol : Search for a 
conjugated sulfate of diethylstilbestrol by means 
of urinary sulfur partitioning. R. S. Teague. 
Dept, of Physiologii and Pharmacology, Uttiv. of 
Alabama, School of Medicine. A nionoglycuronidc 
of diethylstilbestrol has been isolated from rabbit 
urine by Alazur and Shorr. Since diethylstilbestrol 
is a phenol, it might be expected to be conjugated 
with sulfuric acid as well as with glycuronic acid. 
This point was investigated by a study of the 
urinary sulfur distribution in animals after ad- 
ministration of the substance. Diethylstilbestrol 
was given to rats and rabbits in doses of 1 .5 Gm,/kg. 
Some rise in the ethereal sulfate fraction was ob- 
served in three experiments on groups of rats, but 
the normal variation was so marked as to cast doubt 
upon the significance of this increase. In two ex- 
periments using rabbits, no rise in this fraction 
was seen. In both rats and rabbits a fall in the 
inorganic sulfate occurred, which was interpreted 
as being due to inanition. In no case was a rise seen 
in the neutral sulfur fraction. This would seem to 
rule out the production of a mercapturic acid 
derivative as a means of detoxification of diethyl- 
stilbestrol. It is concluded that little, if any, con- 
jugation of the drug with sulfuric acid occurs in the 
rat, and probably none at all takes place in the 
rabbit. [These experiments were done in the Dept, of 
Pharmacology, Tvlanc Unie. School of Medicine, 
aided by a grant from the David Troutman Schwartz 
Fund. ] 

Cylological changes in the anterior lobe of the 
■ hypophysis under certain experimental condi- 
tions. Thurlo B. Thomas (by invitation) and 
G. A, Emerson. Vniv. of Texas Medical Branch, 
Galveston. The anterior lobe of the pituitary of 
rabbits and rats has been shown to undergo definite 
cytological changes during the course of experi- 
mental alloxan diabetes. These changes, particu- 
larly with regard to degeneration of basophils, have 
been studied in relation to the cytological appear- 
ance of the pituitary, the islands of Langerhans 
and the adrenal glands in animals subjected to the 
influence of various surgical and physiological 
alterations. 

A comparison of two synthetic estrogens, tri-p- 
anisyl chloroethylene and hexestrol. Charles R. 
Thompson (by invitation) and Harold W. 
Werner. Pharmacology Dept., Research Labs., 
The Ifw. S. Merrell Co., Cincinnati, 0. Assays were 
conducted by the method of Kahnt and Doisy on 
olive oil solutions of the estrogens. Subcutaneously 
54.5 gamma of tri-p-anisyl chloroethjdene were 
found to be equivalent to 0.35 gamma of hexestrol, 
and orally 21 gamma were equivalent to 3.0 gamma 
of hexestrol. 

The duration of action of the estrogens was de- 


termined for oral and subcutaneous administration 
by the vaginal smear technic on castrate rats. 
Subcutaneously 1.0 mg. of tri-p-anisyl ehloro- 
cthylene produced an clTcct lasting 53 days and 
he.xcstrol an effect lasting 2 days. Orally 1.0 mg. 
of cither tri-p-anisyl chloroethylene or hexestrol 
exhibited an estrogenic effect lasting 1-lJ days, 
while the duration of action of 6.0 mg. of tri-p- 
anisyl chloroethylene was 22 days and a like dose 
of hc.xestrol 3 days. • 

Classified by the method of Emmens (Jour. 
Endo. 2: 444, 1941) tri-p-anisyl chloroethylene be- 
haved as a procstrogen with an S/L ratio of 20 and 
hexestrol as a true estrogen with an S/L ratio 
greater than 100. 

Biological assays on abdominal fat from rats ad- 
ministered tri-p-anisyl chloroethylene showed that 
the fat contained an estrogen. With the exception 
of one group, where a trace was found, no estrogenic 
material could bo detected in the abdominal fat of 
rats administered hexestrol. 

Effect of various compounds on the synthesis 
of acetylcholine. Clara Torda and Harold G. 
IVoLfT. A^eiv York Hospital and the Depts. of 
Medicine (Xcurology) and Psychiatry, Cornell 
Vniv. Medical College, New York. In the presence 
of serum and spinal fluid from patients with myas- 
thenia gravis less acetylcholine was synthesized 
than in the presence of serum from healthy sub- 
jects (Torda, C., and Wolff, H. G., Science 98: 
242, 1943; 100, 200, 1944; J. Clin. Invest., 23 : 649, 
1944). The effect of various agents on the acetyl- 
choline synthesis was investigated to identify 
factors modifying this process. 

Brains obtained from mice injected with the 
adrenotrophic factor of the pituitary gland synthe- 
sized more acetylcholine than the control brains. 
Estrogenic hormones, pregnenolone, epinephrine, 
glutathione, cocaine, manganese, some dicarbo.xylic 
acids, most intermediary products of carbohydrate 
metabolism, some amino acids, tobacco virus, 
methyixanthines, vitamin C and most members of 
the vitamin B group, thus far investigated, were 
found to increase the synthesis of acetylcholine. 
Vitamin E, even in very low concentrations, in- 
duced a marked increase of synthesis suggesting 
that this substance may have a specific action on 
this process. 

Extracts of the thymus and pancreas, most of 
the steroid substances, vitamins A and Iv in low 
and increasing concentrations, vitamin Bi and D 
in higher concentrations, camphor, phenols, some 
aromatic hydrocarbons and some simpler hetero- 
cyclic compounds, methylene blue, most alcaloids, 
some decomposition products of nucleoproteins, 
some amino acids, lactic acid, and decrease in pH 
were found to decrease the acetylcholine synthesis. 

“Sulfonamide” drugs and acetylsalycilic acid 
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did not modify the synthesis in the concentrations 
used. 

Anti-histamine activity and corneal analgetic 
effect of three new antispasmodic esters. Eliza- 
beth Troescher-Elam (introduced by Hamilton 
H. Anderson). Division of Pharmacology and 
Experimental Therapeutics, Univ. of California 
Medical School, San Francisco. An antispasmodic 
agent without the undesirable side effects of atro- 
pine is needed; it should have a therapeutic 
potency similar to that of atropine against acetyl- 
choline, combined with a significant degree of 
activity against histamine. 

Three new antispasmodic esters, along with 
pavatrine (G. Lehmann and P. K. Knoefel, J. 
Pharmacol. 74; 274, 1942), were directly compared 
with trasentin with respect to their effectiveness 
in relaxing histamine contraction of guinea pig 
ileum in vitro. The analgetic effect of the new esters 
on the rabbit cornea was also investigated. 

Two of these esters, the phenyl-a-thienylgly- 
colate and the phenyl-a-thienylacetate of (3-di- 
ethylaminoethanol hydrochloride, were synthe- 
sized by Blicke and Tsao (J. Am. Chem. Soc. 66: 
1645, 1944) ; they were further studied by Lands 
and Nash (Proc. Soc. Exper. Biol, & Med. 57 : 55, 
1944) chiefly for toxicity and activity against 
acetylcholine and barium chloride. ' The phenyl- 
a-thienylglycolate was found to be 4-5 times as 
effective as trasentin in relaxing histamine con- 
traction ; the phenyl-a-thienylacetate was equal to 
trasentin, while pavatrine was 0.5-0.8 as active. 
In rabbits both new esters produced corneal anal- 
gesia without irritation. 

The hydrochloride of fl-piperidinoethyl methyl- 
p-xenylacctatc, synthesize'd by Blicke and Grier 
(J. Am. Chem. Soc. 65; 1725, 1943), was the most 
active compound (rabbit jejunum, unstimulated) 
studied by Lewis, Lands and Geiter (Fed. Proc. 
2: 86, 1943). On guinea pig ileum, this compound 
was half as active as trasentin against histamine 
induced spasm, but caused greater amplitude of^ 
rhjdhmic contractions. In rabbits, corneal analgesia 
was definite for only a short period, and irritation 
was generally produced. [Supported in pari by 
Frederick Stearns and Co., Detroit.] 

Toxic effects of glutamic and aspartic acid. 
K. Unn.\ and E. E. Howe (by invitation). Merck 
Inst, for Therapeutic Research and the Research 
Labs, of Merck & Co., Inc., Rahway, N. J. The 
effects of intravenous and oral administration of 
the dicarboxylic amino acids and some related sub- 
stances have been investigated indogs. Intravenous 
infusion of 1+ glutamic acid at rates of 2.5 to 5.0 
mgm/kgm/min. (2% neutralized solution) regu- 
larly caused nausea and vomiting. The dogs sali- 
vated, their pulse rate decreased, and violent and 
repeated vomiting occurred when an average of 
219 ± 23 mgm/kgm. (7 dogs) of the acid had been 


injected. 1-}- Aspartic acid produced the sami 
toxic manifestations following the infusion of 19' 
± 32 mgm/kgm. (7 dogs). The toxicity of th( 
racemic forms did not differ significantly from thai 
of the natural substances : dl glutamic acid 233dfc 
83 (4 dogs), dl aspartic acid 194 ± 58 mgm/kgm 
(4 dogs ) . The addition of glycine in amounts double 
that of the glutamic acid did not reduce the toxic 
effects. Slowing of the pulse rate and vomiting 
were not observed when 400 mgm/kgm. glutamie 
acid were given to dogs anesthetized with pento- 
barbital . 

The desaminated forms, glutaric and succinic 
acid, were less toxic. On rapid injection (16 
mgm/kgm/min.), however, vomiting occurred simi- 
lar to that following the dicarboxylic amino acids. 
During the infusion of succinic acid the body 
temperature usually rose (up to 1.0°F); the ani- 
mals were restless, shaking and scratching 
their ears. 

Glutamic and aspartic acid caused vomiting 
within 2 hours after ingestion of 500, 750 or 1000 
mgm/kgm. Glutaric and succinic acid were toler- 
ated at 500 mgm/kgm., vomiting occurred in some 
dogs after 1000 mgm/kgm. Glycine and 1-leucine 
in doses of 1 gm/kgm. produced no untoward 
effects. 

The pharmacological behavior of some deriva- 
tives of sulfadiazine. H. B. van Dtke, Natalia 
A. Tupikova (by invitation). Bacon F. Choav 
and H. A. Walker (by invitation). Dept, of Phar- 
macology, College of Physicians and Surgeons, 
Columbia Univ., and the Squibb Inst, for Medical 
Research, New Brunswick, N. J. Thirty-seven new 
sulfadiazine-derivatives in which various aliphatic 
substituents were introduced into one or more of 
positions 4, 5 and 6 of the pyrimidine portion of the 
molecule were investigated. The solubility of the 
free and N''- acetyl substituted compounds was 
determined in 0.05 M phosphate buffer, pH 6 5, at 
37°. In the majority, the acetyl derivative was the 
more soluble. The removal or addition of non-polar 
groups markedly altered solubility which will be 
discussed with reference to “free” and N‘'- acetyl 
derivatives. 

The extent to which the various derivatives of 
sulfadiazine was bound by human plasma albumin 
was measured. The introduction of one or more 
aliphatic radicals in positions 4, 5 or 6 of the py- 
rimidine ring always led to an increased binding 
of sulfonamide. Specific aliphatic groups appeared 
to affect the degree of binding. 

The absorption and persistence of these sul- 
fonamides were studied in the mouse and monkey 
to the extent that conclusions can be reached from 
drug-levels in blood or plasma. The degree of con- 
jugation was also determined in the plasma of 
monkeys. There were frequent disagreements be- 
tween the results in mice and those in monkeys. 
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Poor absorption usually was characteristic of 
drugs of low solubility but could also characterize 
much more soluble compounds. Specific aliphatic 
groups and their position appeared to be the prin- 
cipal factors determining absorption, persistence 
and magnitude of conjugation. The degree of bind- 
ing to plasma albumin did not alone determine 
persistence. , 

The potency of strophanthin, U.S.P. XII. Beiit 
J. Vos, Jr. and Herbert A. Braun. Division of 
Pharmacology, Food and Drug Administration, 
Federal Security Agency, Washington, D. C. In the 
Twelfth Revision of the U. S. Pharmacopoeia, 
which became effective November 1, 1942, the 
ass!i 5 ' method for digitalis and digitalis-likc sub- 
stances was changed from one in which frogs were 
used as the test animal to one using cats. In the 
case of digitalis this change together with a simul- 
taneous change in the Digitalis Reference Standard 
resulted in an appreciable reduction in the potency 
of official digitalis preparations. This change has 
received adequate publicity. Less generally rec- 
ognized is the fact that k-strophanthin and its 
preparations were simultaneously increased in 
potency. In this case there has been no change 
in reference standard and the increase results 
solely from the fact that the ratio of the lethal dose 
of k-strophanthin to that of ouabain for cats is 
different from that for frogs. 

Assays of several commercial samples of k-stro- 
phanthin (amorphous powder, ampuls, and hypo- 
dermic tablets) by both the U.S.P. XI and the 
.U.S.P. XII methods show that k-strophanthin 
which meets the average requirements of the 
U.S.P. XI would have to be increased in potency 
at least 30 per cent in order to conform to the re- 
quirements of the U.S.P. XII. In addition the 
data suggest that all specimens of k-strophanthin 
may not behave alike in this respect, the apparent 
potency of some being more affected by the change 
in assay than that of others. 

Influence of oxygen concentration on effects of 
convulsant drugs. R. P. Walton and C. B. 
Preacher (by invitation). Dept, of Pharmacology, 
Medical College of South Carolina. The extent to 
which high and low oxygen concentrations affect 
survival rates and convulsive tendencies with 
metrazol, strychnine and sodium cyanide has been 
measured in white mice. Concurrent control 
groups, matched to obtain identical sex distribu- 
tions, were observed under ordinary atmospheric 
conditions. High oxygen atmospheres (95-97% O*) 
significantly raise the LDso of metrazol and strych- 
nine (about 15%) without substantially affecting 
convulsive tendencies; with cyanide, the effect is 
greater (about 50% increase of LDbo) and the con- 
vulsive tendency is diminished. Lowered o.xygen 
stmospheres (15% Or-85% Nt) also raise the LDso 
of metrazol about 15% and decrease convulsive 


tendencies.' (Similar effects have been reported by 
others with insulin) . This type of effect with lowered 
o.xygen concentration is less marked in the case of 
strychnine and not observed at all with cyanide. 

Effect of temperature on the toxicity of some 
vasopressor aminos. Marshall R. Warren (by 
invitation) and Harold W. Werner. Pharma- 
cology Dept., Research Labs., The Wm. S. Merrcll 
Company, Cincinnati, 0. There arc man 3 ’' con- 
flicting data from isolated publications concerning 
the to.xicity of the more common vasopressor 
amines. Certain experiments in our laboratories 
have indicated that temperature variations might 
be partially responsible for these varied results. 
The present investigation was undertaken to de- 
termine to what extent temperature influences the 
toxicity of certain commercial vasopressor amines. 

Two groups of white mice of the Swiss strain, 
weighing between 16 and 19 grams, were injected 
subcutancousb' and maintained at different tem- 
peratures during the course of the e.xperiments. 
The following L.D.50 values, e.xprcssed in mgm./ 
kgm. with the standard error calculated according 
to the method of Miller and Tainter, (Proc. Soc. 
Exper. Biol. & Med. 57 : 261, 1944) were obtained 
at 26° and 32°C respectively: Ephedrine — 600 ± 
54.8, S3 =fc 8.9; Propadrine^OO ± 49.0, 124 ± 
26.3; Benzedrine — 42 ± 4.17, 15 ± 1.6; Tuamine — 
115 ± 11.6, 76 ± 6.5; Vonedrine — 540 ± 48.0, 400 
± 37.0, and Privine — 170 ± 13.8, 150 ± 11.0. 

It is evident from these data that an increased 
environmental temperature markedlj- affects the 
acute subcutaneous toxicity of certain of the 
amines while it has little or no effect on others. 

The measurement of peak inspiratory rates. 
J. H. WEATHEKBr. Scliool of Aviatiou Medicine, 
Naval Air Training Bases, Pensacola, Fla. Peak 
inspiratory rates may be measured by means of an 
orifice plate flow meter used, in connection with a 
photoelectric membrane manometer. The mem- 
brane manometer designed and constructed by 
Dr. W. E. Gilson of Madison, Wis. has been found 
suitable for this purpose. An opaque vane is at- 
tached at right angles to the rubber membrane. 
The vane interrupts a beam of light falling on a 
CE-2 photoelectric cell, the output from which is 
is amplified by three No. 6 drj- cells connected in 
series, and actuates the string galvanometer of a 
Cambridge Electrocardiograph. Fluctuations of 
the string are recorded photographically in the 
usual manner on ECG paper. A mercur 3 ' manom- 
eter is connected across the membrane manometer 
for standardizing the latter and adjusting the 
tension of the galvanometer string. The flowmeter 
proper is standardized b 3 ' measuring the string de- 
flection produced at measured rates of gas flow 
under constant pressure head and with known 
pressure differentials. The flowmeter has a capacit 3 ’’ 
ranging from approximately 10 to 1000 liters per 
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the eighteen remaining cases, -there was no sig- 
nificant change in the alpha frequency in thirteen, 
ificant change in the alpha frequency in thirteen, 
a decrease in 3, and an increase in 2. The alpha per- 
centage was unchanged in ten and an average de- 
crease of 19% was observed in 8. 

That the augmented muscle activity was due to 
a central (probably cortical) action of marihuana 
was indicated by comparison of electrical activity 
in muscles of both hindlegs (one of which was de- 
nervated) with those of the temporalis muscle in 
spinal cats with head and brain circulation intact. 
Respiration was maintained artificially with an 
apparatus that permitted breathing of air or vari- 
ous mixtures of air and marihuana smoke. During 
breathing of a light mixture of marihuana and air 
the slower cortical frequencies (6-9 per second) 
disappeared. Concurrently, temporalis muscle ac- 
tivity increased. In contrast, no change was seen in 
the electrical activity of either group of hindleg 
muscles. During breathing of concentrated mari- 
huana smoke (short of anoxia) slowing of cortical 
activity with concomitant decrease in muscle elec- 
trical activity was observed. 

Effects of various doses of morphine on tem- 
perature, pulse and respiration. Edwin G. 
Williams.' Research Dept., U. S. Public Health 
Service Hospital, Lexington, Ny. Morphine sulfate, 
in doses of 10, 20, 30, 40, 60, 70, SO, and 100 mgm. 
was given to post-addict women patients. Each 
dosage was given to ten patients. Two cc. of normal 
saline was given to each of ten patients to serve as 
a control. Temperature (rectal), pulse rate and 
respirator}’’ rate were taken at hourly intervals 
from 8:00 A.M. to 10:00 P.M., inclusive, the day 
before, the day of, and the day following medica- 
tion. All of these functions were depressed by 
morphine. Temperature and pulse rate were 
affected more by 30 mgm. than by any other dose 
used. Respiration progressively decreased as the 
dosage was increased. 

The absorption of thiourea from topically ap- 
plied ointments. J.\cob W. Williamson (by invi- 
tation), Marsh.vll R. Warren (by invitation), 
and Harold W. Werner. Pharmacology Dept., 
Research Labs., The IFm. S. Mcrrell Company, 
Cincinnati, 0. The recent demonstration that 
thiourea has marked antithyroid action and 
that it may cause a leucopenia and granulocyto- 
penia raises a question as to the possibility of 
systemic effects following topical use of ointments 
containing thiourea as a stabilizing agent for other 
substances. 

Histologic changes in the thyroid provide definite 
evidence of thiourea action. These were employed 
as a biological moans of measuring absorption of 


1 Senior Surceon, V. S. Public Hcaltb Service Director ol 
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thiourea for two oil in water emulsion type oint- 
ment bases. 

Circular wounds, approximately 1 cm. in di- 
ameter, were made in the dorsal thoracic region on 
white rats. The wounds were shielded with cork 
rings. Samples of approximately 100 mg. of oint- 
ment containing thiourea, in concentrations rang- 
ing from 0.05% to 10%, were applied to the wounds 
daily for 2 to 4 weeks. The animals were sacrificed, 
and thyroids were examined for evidence of thio- 
urea effects. 

Typical thyroid changes were produced by oint- 
ments containing 1 to 10% thiourea in 2 weeks but 
not by ointments containing 0.1% or less in 4 weeks 
The minimal effective dose of thiourea by this 
route was approximately 0.5 mg. per 100 gram of 
body weight per day as compared to about 3.3 mg. 
given in drinking water as reported by Astwood 
(Endocrinology 32: 210, 1943). 

Additional experiments demonstrated complete 
or partial regression of the thyroid changes be- 
tween 2 and 6 weeks after discontinuing drug ad- 
ministration. Thiourea action under the conditions 
of these experiments was not accompanied by a 
leucopenia or granulocytopenia. 

Acute toxicity of 2-methyl, 2-4 pentanediol- 
Geoffrey Woodard (introduced by Herbert 0- 
Calvery), Virginia D. Johnson (by invitation) 
and Arthur A. Nelson (by invitation). Division- 
of Pharmacology, Food and Drug Administration, 
Federal Security Agency, Washington, D. C. The 
compound 2-methyl, 2-4 pentanediol is an organie 
solvent recently made available in commercial 
quantities. It is miscible with water and manj’' 
organic liquids, and is a solvent for many other 
organic compounds. For these reasons, it seemei 
advisable to stud}’’ its acute toxicity. Accordingly, 
the acute oral doses for four species of animals were 
determined and compared with similar data on 
other compounds. 


Animal 

LDSO’s in cc./kg. 

2-2-4 

com- 

pound 

Diethy- 

lene 

glycol 

Propy- 

lene 

glycol 

Glycerine- 

Rats j 

4.0 

34.S* 

21.0* 

32.6 

Mice ! 

4.5 

23.7* 

23.9* 

22.4 

Guinea pigs 

2.S 

7.8* 

18.9* 


Rabbits 

3.2 




Mice (intraperi- 





toncal) 

1.5 


10.0 



* Data previously reported from this laboratory. 


Symptoms observed within 1 hour after oral ad- 
ministration were loss of muscular coordination, 
progressing into a narcosis lasting several hours - 
Deaths occurred from 1 to 4 days after dosage, with 
many' occurring on the 3rd day. 

Microscopic examination of tissues of rats given 
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J the LDto per day [or 0 days sliosvcd ; slight hyper- 
plasia of hepatic cells with increase in their baso- 
philic granules, slight hyaline change in centro- 
lobular hepatic cells, and a questionable excess of 
protein material in renal tubular lumens. 

Caution should be exercised in the use of his 
compound in preparations intended for human use. 

The influence of ephedrine on the vasodilating 
action of epinephrine, ethylnovsuprarenin and 
pitressin. RonuuT A. Woodbuhy, D.xvid Marsh* 
by invitation) and Raymond P. Aiilquist (by in- 
vitation). Depl.of Pharmacology, Vniv.of Georgia 
Schoolof Medicine, Augiisla.lnmo&thnt not all dogs 
and cats, small quantities of epinephrine (0.002 to 

0.01 mgm./kgm.) lowered the arterial pressure, 
reduced standing waves, and increased the rate 
of pressure descent at any given pressure during 
diastole. These data constitute proof of vaso- 
dilation. 

Bubble flowmeter studies on dogs with the skin 
removed from one leg show that epinephrine (0.02 
to 0.04 mgm./kgm.) increases blood flow in the 
skinless leg and simultaneously decreases flow in 
the control leg at any given blood pressure level. 
This is interpreted as evidence that epinephrine 
constricts cutaneous vessels and dilates those in 
skeletal muscular tissue. 

After ephedrine intravenously (5 to 10 mgm./ 
kgm.) epinephrine caused only pressor effects; 
oven larger doses of epinephrine failed to produce 
the secondary depressor effect. Blood flow re- 
mained unchanged or was reduced in the skinless 
AS well as control leg. Ephedrine apparently elimi- 
nated or markedly reduced the epinephrine vaso- 
dilating action in skeletal muscle. 

Ephedrine also eliminated the cutaneous vaso- 
dilating action of Pitressin in dogs, (see Ahlquist 
and Woodbury, these abstracts) and the sympa- 
thetic vasodilation of butanefrin in dogs, cats and 
rabbits. 

The effects of ephedrine on the sympathetic 
nervous system differ from those of ergotoxine in 
that ephedrine reduces or blocks the depressor 
effects of the adrenergic drugs that were studied. 

Larger doses of ephedrine seem to reduce or even 
block pressor as well as depressor effects of 
epinephrine. [This study was partially supported 
by a grant from Eli Lilly & Co.] 

An investigation of the nature and extent of the 
binding of oxophenarsine (mapharsen) by the red 
blood ceils of rabbit “in vitro” at 37°C. Harold N. 
Wright and Lewis D. Fink (by invitation). Dept, 
of Pharmacology, Univ. of Minnesota Medical 
Echool, Minneapolis. The extent to which oxophen- 
Arsino is bound by the red cells of rabbit’s blood 
was determined after continuous mixing for 4 
■or 8 hours. Within the concentration range from 

* Now at the Univ, of West Virginia, Morgantown. 


1:1000 to 1:500,000, twenty -eight to 85% of the 
oxophenarsine was bound by tlic cells, the amount 
bound increased with increasing oxophenarsine 
concentration to the maximum of 85% at 1:5000. 
This binding was almost ns complete in one-half 
hour as after four or eight hours. 

Adsorption played the major role in this binding, 
as determined by' the isotherm equation, but even 
at the highest concentration, the cells showed little 
evidence of saturation despite slight hemolysis. 
The degree of reversibility of the adsorption 
process at concentrations of 1:10,(X)0, 1:20,000 and 
1:50,000, was in all cases greater than 60% after a 
single resuspension in fresh plasma and with the 
lowest concentration exceeded 90% after three re- 
suspensions. 

The extent of the binding of oxophenarsine by 
various cell components was determined by dialy- 
sis after contact with oxophenarsine for one-half 
hour. Oxophenarsine did not combine with the 
serum, dialysis through the collodion membrane 
being 96%. When added to defibrinated blood, 48% 
dialyzed, consisting of 21% normally present in 
the serum and 27% reversibly bound to the cells. 
With lakcd defibrinated blood, 75% dialyzed. Since 
48% of this was normally in the serum or reversibly 
bound the remaining 27% was attributed to the r61e 
played by the intact cell membrane. Of the 21% 
oxophenarsine bound by the laked defibrinated 
blood 14% was found to be bound by the hemo- 
globin and approximately 3% was bound by the 
cell stroma. 

The antihislaminic action of N'-pyridyl-N'- 
benzyl-N-dimethylethylenediamine HCl (63C) in 
relation to salivation, retraction of the nictitating 
membrane, mydriasis, lachrymation and blood 
pressure in cats. Fredrick F. A’cnkman, Doro- 
thy Chess (by invitation), Donald Mathieson 
(by invitation) and Nicoline Hansen (by invi- 
tation). Dept, of Pharmacology, Research Division, 
Ciba Pharmaceutical Products, Inc., Summit, N. 
J. Cats of both sexes under urethane, dial-ure- 
thane or pentobarbital anesthesia were arranged 
fof^iechanical registration of blood pressure, ip- 
silateral salivary and nictitating membrane re- 
sponses as previously described (Federation 
Proceedings; 3: 88, 1944). Mydriasis and lach- 
rymation were observed. Unless otherwise stipu- 
lated all drugs were injected directly into the ipsi- 
lateral carotid artery on a per kilogram basis. The 
following results were obtained in 28 experiments : 

1. Compound 63C, 10 to 200 gamma, had no 
effect on normal functions as observed. 

2. Histamine, 10 gamma, usually promoted 
salivation. 

3. This effect was. nullified by atropine, 0.2 
mgm., subcutaneousiy. 

4. This effect was usually nullified by 63C, in a 
dose of 5 to 10 gamma or more. 
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5. Histamine, in any dosage thus far employed, 
frequently retracted the nictitating mem- 
brane. 

6. This effect was usually nullified or dampened 
by 63C, in a dose of 5 to 10 gamma or more. 

7. The antisalivary effect of 63C, 10 gamma, 
against histamine endured for about 30 to 90 
minutes. 

S. Faradization of the chorda tympanic nerve 
was still effective in promoting salivation 
when histamine was nullified by 63C, hence 
the latter drug differs from atropine in its 
antisalivary action. 

9. Compound 63C seemed to sensitize the secre- 
tory response to pilocarpine, 1 to 2 gamma, 
epinephrine, 10 gamma, and to faradization 
of the cervical sympathetic and chorda 
tympanic nerves. 

10. Some experiments indicated that the nicti- 
tating membrane also seemed to be sensi- 
tized, especially to epinephrine and cervical 
sympathetic faradization. 

11. Compound 63C, 10 to 50 gamma, seemed to 
have no influence on mydriasis induced by 
histamine, 10 gamma. 

12. Compound 63C, 10 to 50 gamma, had no effect 
on the transient hypotension induced by his- 
tamine, 10 gamma. 

The protective action of N'-pyridyl-N'-benzyl- 
N-dimethylethylenediamine HCI (63C) against 
horse serum anaphylaxis in dogs. Fredeick 
F. Yonkman, Harry W. Hays (by invitation) and 
Barbara Rennick (by invitation), Depi. of Phar- 
macology, Research Division, Ciba Pharmaceutical 
Prodztcls, Inc., S^tmmi^, N. J. Six dogs of both 
sexes were sensitized to horse serum by injecting 
1 cc. into the muscles of the buttocks. After 3 to 6 
weeks they were anesthetized with sodium pento- 
barbital and femoral arterial pressure was deter- 
mined by arterial puncture using the Parkin’s 
technique. The effects of 1 cc. of horse serum intra- 
venously' were then studied before and after 3.5 
mgm. or less of 63C. The latter compound was also 
administered by' vein, approximately' 8 to 30 
minutes prior to the horse serum, when used pro- 
phylactically. 


Anaphylactic reactions occurred in three of six^ 
dogs studied and results of a typical case follow: 


Dog 4 


Date 

1944 

Procedure 

Press. 

Pulse 

Resp. 

n-G 

12-1 

Sensitized 

Normal 

SS 

1 

84 

12 


Horse serum 

32 

120 

• 42 


3.5 mgm. /kg. CSC 


12-5 

Normal 

100 

90 


63C 

112 

120 


Horse serum 

134 

168 

12-9 

Normal 

92 

120 


Horse serum 

29 

ISO 


1 mgm. /kg., 63C 


12-14 

Normal 

110 

ISO 


63C 

no 

150 


Horse scrum 

44 ! 

ISO 


2 mgm. /kg., 63C 


12-18 

Normal 

78 

126 


G3C 

97 

120 


Horse scrum 

34 

120 


3.5 mgm. /kg, G3C 


12 

3G 

12 

35 

42 

24 

12 

14 

13 

42 

18 


12-30 

Normal 

86 

120 

10 


03C 

102 

114 

24 


Horse serum 

9G 

120 

18 


A point of interest was the gradual hypertension 
that developed in some experiments in which 63C 
was used in a dosage of 2 to 3.5 mgm. /kg. Simul- 
taneously respiration was accelerated, suggesting a 
central action in this condition. Normally' 63C 
causes a very transient and mild hy'potension in the 
above dosage. This variance of vascular response to 
63C in the normal and “sensitized” state does not 
readily lend itself to explanation but the anti- 
cholinergic action of antihistaminic agents might 
be partially responsible in these experiments. The 
possibility' of adnergic sensitization can not be 
ignored in this situation since it prevails in cats 
under treatment with G3C (See accompanying 
abstract). 

Larger doses of 63C have as yet not been used but 
similar experiments are contemplated after pro- 
longed daily feeding of the compound to sensitized 
dogs. 
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Marrow depressant effects of estrogens in dogs. 
Oi-GA S. Bierbaum (by' invitation) and Carl V. 
Moore. Dept, of Internal Medicine, Washingtori 
Unit'. School of Medicine. Study has been made of 


the hypoplastic .memia produced in dogs by paren- 
teral administration of estrogenic substances. It 
was determined that equal molecular weights of 
estrone, cstriol, estradiol, and stilbesterol did not 
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produce comparable degrees of bone marrow de- 
pression. The depressant effects of these sub- 
stances were directly proportional to their estro- 
genic activity. Furthermore, cstrogcnically equiv- 
alent doses of the four estrogens produced similar 
degrees of hypoplastic anemia. Their ability to 
produce changes in the bone marrow, therefore, 
seems to be related directly to their estrogenic 
activity. 

The changes in peripheral blood and bone marrow 
followed a definite pattern. In animals which re- 
ceived 5-10,000 rat units per day, Icucocytosis 
usually occurred by the tenth day of the experi- 
ment, with counts occasionally as high as 100,000 
cells per cU.mm. Concurrently or shortly there- 
after, a severe thrombocytopenia developed. 
Most animals bled from the gastrointestinal and 
genito-urinary tracts when tlic platelets were low 
and an anemia of variable degree resulted. About 
the sixth or seventh week of injections in those 
dogs which survived in spite of the thrombocyto- 
penia, the leucocyte count decreased to leucopenic 
levels, and the anemia became more profound. 
Changes in the bone marrow seemed to develop in 
the following order ; first, general hyperplasia of all 
elements, particularly myeloid; second, marked 
decrease in megakarj’ocy tes ; and third, progressive 
hypoplasia. Areas of extramedullary myelopoiesis 
were frequently found in the liver and spleen. 
Animals given smaller doses usually developed 
leucocytosis and thrombocytopenia from which 
they recovered even while administration was 
being continued ; they showed no subsequent hema- 
tologic abnormality. 

All attempts to protect dogs against the marrow 
depressant effects of these estrogenic preparations 
failed. High carbohydrate, high protein diets, 
together with both oral and parenteral administra- 
tion of the available crystalline B vitamins, crude 
liver extract, choline, and crude “folic acid” had 
no protective effect. Simultaneous administration 
of testosterone did not prevent development of 
hypoplastic anemia. 

Permeability of muscle to phosphates during 
shock. Jesse L. Bolwian and Eunice V. Flock 
(by invitation). Division of Experimental Medi- 
oine, The Mayo Foundation, Rochester, Minn. 
The amount of phosphate entering the muscle 
from the plasma one hour after intravenous ad- 
ministration of sodium diphosphate containing 
radioactive phosphorus was determined in seven 
different groups of rats. The preliminary treatment 
of each group was as follows: 1) no preliminary 
treatment ; 2) complete occlusion of the circulation 
of the left thigh and leg by a tightly placed rubber 
band for one hour, the band being removed at the 
. time of the' injection of the sodium phosphate; 
3) occlusion of the left thigh and both fore legs 
for one hour received at time of injection; i) 


occlusion of the left thigh for four hours received 
at time of injection; 5) occlusion of the left thigh 
for 3.5 hours with release for one hour previous 
to administration of sodium diphosphate; 6) 
occlusion of the left thigh and both fore legs for 
four hours and administration of phosphate at the 
time of release; 7) occlusion of the left thigh and 
both fore logs for 3.5 hours with release for one 
hour previous to administration of phosphate. 
Animals treated similarly to groups 6 and 7 de- 
veloped fatal shock with marked hemoconcentra- 
tion and decreased blood pressure. Animals simi- 
lar to groups 2, 3, 4, 5 did not develop shock and 
showed only moderate hemoconcentration in groups 
4 and 5. 

The amount of phosphate entering the unoc- 
cluded muscle of groups 2 to 7 was 58, 45, 83, 96, 83 
and 86 per cent of the amount entering similar 
muscle of normal animals. The amount entering 
the muscle which had been previously occluded 
in each of these groups was 96, 83, 169, 224, 162 and 
134 per cent of the normal calculated on a basis of 
dry weight of muscle. Considerable elevation of the 
phosphate content of the plasma occurred in groups 
4,5,6and 7. If the elevated phogphate of the plasma 
is considered it appears that the unoccluded muscle 
is much less permeable to plasma phosphate 
than normal and that the muscle previously oc- 
cluded is permeable about as much as normal e.x- 
cept in groups 6 and 7 when the blood pressure was 
greatly reduced. 

Comparison of effects of pyridoxine and panto- 
thenic acid deficiency on neurological tissue of 
swine. Richard H. Follis, Jr. and Maxwell M. 
WiNTHOBE. Depls. of Medicine, Johns Hopkins 
Univ. and Univ. of Utah. Acute and chronic 
dietary deficiencies of pyridoxine or pantothenic 
acid were produced in young swine. Diets were 
otherwise adequate. The pathogenesis of changes 
in the sensory neuron was studied in each group. 

.Animals deficient in pyridoxine showed de- 
myelinization of the peripheral (brachial and sci- 
atic) nerves as the initial change. Chromatolysis or 
atrophy of the dorsal root ganglion cells and axis 
cylinder degeneration were not observed at this 
time. Later, with increasing peripheral demyelin- 
ization, atrophy of the ganglion cells, axis cylinder 
degeneration and dorsal root derayelinization ap- 
peared. Two animals out of 13 studied showed early 
degenerative changes in fibers of the dorsal columns 
in the spinal cord. 

Animals deficient in pantothenic acid exhibited 
chromatolysis of the dorsal root ganglion cells as 
the initial change. Later myelin and axis cylinder 
degeneration appeared, followed by degeneration of 
the dorsal root fibers. Changes were found in the 
ganglion cells of the spinal cord, predominantly in 
the anterior horns in 4 out of the 18 animals stud- 
ied. 
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Since different morphological patterns were 
found in the early stages of the deficiency among 
the 2 groups of animals, the hypothesis is presented 
that pyridoxine and pantothenic acid are con- 
cerned with the metabolism of different portions 
of the sensory neuron. [Aided by grants from the 
Rockefeller Foundation, Parke Davis & Co., and 
the Upjohn Co., and carried out in cooperation with 
the Bur. Animal Indust., JJ. S. Dept. Agricidture.'i 
Studies on thiamine deficiency in rhesus mon- 
keys. Louis D. Gbeenberg (by invitation) and 
James F. Rinehart. Depts. of Pathology and 
Pharmacology, Univ. of California Medical School, 
San Francisco. The food consumption and weight 
and blood thiamine levels of Rhesus monkej’^s on a 
thiamine deficient diet were followed. Fat content 
of the basal diet M-3 of Waisman et al. (Archives of 
Biochem. 4 : 265, 1944) was reduced so that it could 
be compressed into tablets. 

Each monkej' served as its own control. They 
were brought to a state of acute deficiency as in- 
dicated by anorexia and ataxia and then cured 
partially or completely by the administeration of 
a single dose of thiamine. The animals were main- 
tained on the regime without additional thiamine 
until they again became acutely deficient when 
they were sacrificed and their tissues were analyzed 
for thiamine. The values in micrograms per gram 
were: muscle 0.2-0.3; heart 0.3; kidney 0.8-1 .3; 
liver 0.9. 

The blood thiamine levels of monkeys receiving 
thiamine were in the same range (5-10 micrograms/ 
100 cc.) as those found in man. These fell quite pre- 
cipitously during the first few weeks, on the de- 
ficient diet. The weight loss and food consump- 
tion closely paralleled the blood thiamine during 
this period. The administration of a single dose of 
0.8 mg. of thiamine per kilogram to 2 and 0.4 mg. to 
a third acutely deficient monkey, resulted in a 
prompt increase in their blood thiamine concen- 
trations, food consumption and weight and it re- 
quired 37 days, 91 days, and 47 days respectively 
to bring them again to the point of acute deficiency. 
The blood thiamine values during the acute stage 
ranged from 2.4-4. 8 micrograms per 100 cc. [Aided 
by a grant from the Christine Breon Fund of the 
University of California.] 

Repository penicillin excretion studies. 0. 1)1. 
Gruiizit, S. B. Binklev and E. A. Sharp (by 
invitation). Research Labs., Parke, Davis and 
Company, Detroit, Mich. Calcium penicillin was 
incorporated in oil together with absorption de- 
laying substances, as carbowax, glj'cerol stearate 
and beeswax. Pitressin tannatc was used for its 
retardation of urinarj’ excretion, .\drenalin hj'dro- 
chloride or its base was used for its local va.socon- 
strictor effect. 

In dogs the peak of urinary excretion of penicillin 
from aqueous solutions with or without gelatin 


suspension occurred in the first half to one, hour 
after administration. Peanut oil delayed slightly 
the peak of excretion but did not prolong the ex- 
cretion over that of aqueous solutions. Peanut oil 
containing 5-10 per cent carbowax, 1-5 per cent gly- 
cerol monostearate, 1-5 per cent beeswax or pitres- 
sin tannate 5 pressor units delayed the peak excre- 
tion to second or third hour, but more significantly 
spread the excretion of penicillin for a period of 4 
to 5 hours. Addition of adrenalin base 0.25 to 0.5 
mg. to aqueous or to oil suspension of penicillin 
with or without repository substances delayed the 
peak excretion to third, fourth or fifth hours and 
prolonged satisfactory rate of excretion up to seven 
to twelve hours with some penicillin being excreted 
after this period. Addition of adrenalin over 0.5 
milligrams per dose further prolonged excretion of 
penicillin, but in some instances retarded its 
absorption in initial period below satisfactory blood 
level concentration. 

In human subjects administration of 100,000 
O.xford units of calcium penicillin in peanut oil 
with adrenalin base 0.5 mg. provided a more uni- 
form and as high hourl}’^ excretion as coinpared 
with beeswax 3 per cent with or without adrenalin 
base. Satisfactory blood levels occurred with 
adrenalin base repository substances up to 7 hour 
periods. 

Uptake of radioactive iron by the red cells in 
anemias of various etiology. The use of this isotope 
as a diagnostic tool. P.F. Hahn. Dept, of Bio- 
chemistry, Vanderbilt Univ. School of Medicine. 
Iron tagged with the radioactive isotope has been 
administered in single small doses to a number of 
individuals suffering from various disorders m 
which anemia was either a prominent or the chief 
symptom. As pointed out several years ago, the 
absorption and subsequent utilization of iron is in 
some mariner dependent on the need of the or- 
ganism for the element, and this finding has been 
amply corroborated in this and other laboratories. 
In anemic conditions in which there is no deficiency 
of iron, such as in pernicious anemia, various 
hemolytic anemias, anemias secondary to neoplas- 
tic disease, and those associated with infectious 
processes, as in normal subjects there is nearly 
invariably less than 2% of a trial dose of about 15 
mg. in the circulating red blood cells a week after 
ingestion of the iron. In contrast, in chronic 
hemorrhagic conditions and in anemias associated 
with malnutrition where the iron intake has been 
insufficient, as well as in pregnancy the uptake of 
the test dose is of the order of 20-50%. In a num- 
ber of instances it has been possible to rule out iron 
deficiency as a cause of the anemia in patients pre- 
senting atypical symptomology. In one instance 
it was possible to demonstrate an iron deficiency 
anemia superimposed on pernicious anemia in n 
five year old cliild. In this case it was predicted 
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that following peak reticulocyte response to spe- 
cific liver therapy there would be a second reticu- 
locyte rcsiwnsc following administration of iron. 
Such was found to be the case. 

Several cases of aplastic and dysplastic anemias 
were studied and in general there was no indica- 
tion of iron utilization. 

Structural changes in the thyroid glands of 
patients treated with Ihiouracil. Bfii.A Hal- 
TEUT, John W. Cavanaugu (by invitation) and 
Bert F. Keltz (by invitation). Univ. of Okla- 
homa School of hlcdicinc, Oklahoma City, Bilat- 
eral subtotal thyroidectomy was performed on 
seven patients with hyperthyroidism. Two had 
preoperative preparation with thiouracil only, 
three with Lugol’s solution followed by thiouracil, 
and two with thiouracil followed by Lugol’s solu- 
tion. In most instances the intensity of clinical 
signs and symptoms was lowered and the pulse and 
basal metabolic rates were near normal levels and 
the patients were gaining weight at the time of 
operation. Morphologic observations were made on 
routine H and E sections. In the glands removed 
following administration of thiouracil only, the 
acinar content stained lightly, was decreased or 
absent and the cells lining the acini wore low or tall 
•columnar. In three patients subtotal thyroidec- 
tomy was performed in two stages. In preparation 
for the first stage Lugol's solution only was given. 
In preparation for the second stage thiouracil was 
given. Thus the effects of iodine and thiouracil 
could bo compared and contrasted in the same 
patient. Following administration of thiouracil the 
•cells of the acini changed from cuboidal to colum- 
nar and the colloid disappeared or became consider- 
ably less dense, vacuolated, and scalloped. These 
changes are similar to those seen in patients in a 
state of active hyperthyroidism, yet clinical mani- 
festations were at a minimum. This variance 
between structure and function of the thyroid 
gland following administration of thiouracil is 
compatible with the assertion that thiouracil in- 
hibits the production of new colloid but does not 
interfere with the use of the available colloid. 

Experimental arterial lesions related to diet 
-nnd renal insufficiency. Russew. L. Howian. 
hhept. of Pathology, School of Medicine, Univ. of 
Yorth Carolina, Chapel Hill. Experimental lesions 
cf the connective tissue of arteries and of other 
tissues of dogs (lesions that bear some similarity to 
the vascular and collagen lesions in human cases 
■nf rheumatic arteritis, periarteritis nodosa, lupus 
■erythematosus disseminata, scleroderma, and 
, ,dermatomyositis) have been produced with regu- 
larity by controlling two factors: (1) diet, and (2) 
renal insufficiency. The method by which renal 
Jnsufficiency is produced (hea-vy metal injury, 
bilateral nephrectomy, leptospira canicola) is 
relatively unimportant, but impairment of renal 


function is essential. A systematic study of the 
ingredients in the “standard” diet that was being 
fed at the time those unanticipated lesions 6c- 
curred has shown that the dietary factor is concen- 
trated in commercial cod liver oil, is heat stable, is 
not vitamin A, and probably is not vitamin D. 

Those studies portray another instance of arterial 
disease related to a disturbance in lipoid metab- 
olism. Some of the healing and healed lesions sug- 
gest the possibility that minor degrees of the same 
process could play a r61e in “arteriosclerosis” (by 
predisposing to lipoid deposit). [Aided by a grant 
from The John and Mary R. Markle Foundation.] 

Feline pneumonia following inoculation with 
human nose and throat washings. Marion E. 
Howard, Francis G. Blake and Hugh Tatlock 
(by invitation). Dept, of Internal Medicine, Yale 
Univ. School of Medicine, New Haven, Conn. 
In an attempt to determine the possible relation- 
ship existing between atypical pneumonia in man 
and feline virus pneumonia, nose and throat wash- 
ings and sputum from patients with the disease 
were used for intranasal and intratracheal inocula- 
tion in cats . Among 6 trials, patchy pneumonia of 
mild degree occurred in four with the first passage. 
Attempts to pass to succeeding generations re- 
sulted in negative findings by the third generation 
in one, the second generation in another. One still 
remains to be passed. In the fourth, successful 
passage has been established and is the basis of 
this report. Nose and throat washings obtained on 
the Sth day of the illness in a patient with atypical 
pneumonia involving the left lower lobe were in- 
stilled intranasally in one cat and injected intra- 
tracheally in another. Both animals developed 
fever. The cat inoculated intranasally, sacrificed 
on the fifth post-inoculation day, showed but little 
pneumonia grossly and a bacteriologically sterile 
pleural effusion. The pleural fluid, and 20 
per cent emulsions of the turbinates and of the 
lungs were passed to 6 cats, 3 normal and 3 which 
had recovered from previous infection witli the 
feline virus (strain “S"). Two of the recovered 
animals inoculated with turbinate emulsion or with 
pleural fluid failed to show any evidence of infec- 
tion and were held for further studies of immunity, 
the third which had been inoculated with lung 
emulsion was found on sacrifice to have a bacterial 
peritonitis. The normal animals, all sacrificed on 
the seventh day, showed some inflammation of the 
turbinates, some tracheitis, and slight pneumonia 
in one but no pneumonia in the other two. Subse- 
quent passages with lung material failed to produce 
pneumonia in cats and further transfer •was aban- 
doned at the fourth generation. The animal sub- 
jected to intratracheal inoculation of nose and 
throat washings from the patient was sacrificed 
on the seventh day and showed small areas of pink- 
ish-grey consolidation in the right upper and left 
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middle lobes. Culture on usual media jdelded no 
growth. The lungs were stored in a lusteroid tube in 
a dry-ice chest for two years and four months 
when routine intranasal transfers were again at- 
tempted. Eight serial passages have been effected 
to date. 2.0 cc. of a 5 or 10 per cent emulsion of cat 
lung instilled intranasally have resulted in fever 
and the production of rather widespread greyish- 
pink consolidation throughout the lungs. His- 
tologically the picture is that of an interstitial 
pneumonia with the presence of edema and variable 
numbers of large and small mononuclear colls. The 
infecting agent passes a Seitz filter and by the sixth 
passage a 10~® dilution was capable of producing 
the disease. Cross inoculations in animals recovered 
from the “S” strain of feline virus and vice versa 
showed it to be the same agent as that producing 
feline virus pneumonia. By the time neutralization 
studies were attempted, the sera collected from the 
patient were years old and the results were 
suggestive but not conclusive. At this time it is 
not clear whether this virus came from the patient 
or whether it was latent in cats and became ac- 
tivated by passage. 

Protein metabolism and protein reserves during 
acute injury from turpentine injection. Sidney C. 
Madden. Dept, of Pathology, Univ. of Rochester 
School of Medicine and Dentistry, Rochester, N. Y. 
Normal adult dogs were given proteinless diet plus 
casein, 80 calories per kilo, 0.4 gram nitrogen per 
kilo per day. When fairly steady nitrogen and 
weight equilibrium had been achieved subcutane- 
ous injection of turpentine was used to produce 
sterile controlled inflammation. The reaction is 
characterized by local swelling, induration, and 
abscess formation, terminated by rupture or in- 
cision in 3-4 days, gnd by general reactions of fever, 
leucocytosis, and excess urinary nitrogen. 

If no change in the diet regime was made nitro- 
gen balance was strongly negative. If the diet nitro- 
gen was doubled and intake insured by spoon 
feeding equilibrium or positive balance was 
achieved. An amino acid mixture (ten growth 
essential amino acids plus glycine) in 10 per cent 
solution by vein plus glucose intravenously or 
proteinless diet by mouth were likewise associated 
with equilibrium or positive balance when the in- 
take was doubled. Protein depleted dogs showed no 
excess urinary nitrogen on injury and were main- 
tained in balance without increased intake. 

The direct relation between increased nitrogen 
excretion with injury and the existence of protein 
rescrv'cs is reaffirmed. Protection of protein re- 
serves during injury appears possible by adequate 
intake of nitrogen. These findings do not support 
recent theories postulating an inhibition of pro- 
tein anabolism immediately after injury. 

The effect of the intravenous administration 
of calcium ribonatc on parathyroidectomized 


normal dogs. Stephen Maddock (and by invita- 
tion) Dorothy Jensen. Boston City Hospital, 
Boston, Mass. In the course of some experiments 
on the effect of the removal of various endocrine 
glands on the serum phosphatase of dogs, we at- 
tempted to maintain life by calcium therapy 
alone. The ordinary preparations available proved 
difficult to manage. Intramuscular injections pro- 
duced swelling and tenderness after the first few 
days and intravenous administration w'as so fleeting 
that multiple daily injections were necessary. It 
was suggested to us that a preparation of calcium 
ribonate was available and on trial of this salt it 
was found that a single intravenous dose of 125 mg. 
per kilo usually sufficed to keep the dogs in good 
condition for 24 hours. 

This result seemed sufficiently surprising to 
make it worth while investigating the effects of 
the salt on normal animals. 

In all 18 healthy adult dogs, 12 normal and 6 
thyroparathoidectomized, were studied. Each 
normal animal was used to compare the rate of dis- 
appearance of intravenously injected calcium 
gluconate and calcium ribonate. 

When the dogs received calcium gluconate the 
scrum Ca returned quite close to the control level 
at 2 hours and was slightly below the control at 4 
hours. With calcium ribonate the values remained 
40 to 50 per cent above the control for 6 hours and 
were appreciably elevated for 10 hours. 

There is no very obvious explanation for the dif- 
ference in the action of the two salts studied. 

Antigenic relationship between normal and 
leukemic leukocytes. Ruth A. Martin (b}’’ invi- 
tation), Bernhard Steinberg and S. Nowakov- 
SKY. Toledo Hospital Inst, of Medical Research, 
Toledo, 0. Antibodies were produced against 
leuckocytes obtained from normal people and from 
patients with lymphoid and myeloid leukemia as 
well as against lymphocytes from a normal b'mph 
node. Since it was impossible to obtain leukocytie 
suspensions made up either entirely of granulo- 
cytes or lymphocytes, antibodies against each type 
of cell were adsorbed from the antisera. Anti- 
bodies against lymphocytes were removed from the 
granulocytic antiserum. Antibodies against myelo- 
cytes were adsorbed from the antilymphatic leu- 
kemia and normal Ij'mph node antiserum. Agglu- 
tination reactions indicated the presence of 
individual antibodies for lymphocytes and for 
leukocytes of the granulocytic series. Antiserum 
against lymphocytes from which antigranulocyte 
antibodies were adsorbed did not show a diminu- 
tion of the titre against lympocytes. Antibodies 
against normal leukocytes agglutinated leukemic 
lymphocytes and myelocytes. The experiments 
suggest that there is no antigenic difference be- 
tween circul.ating leukocytes obtained from nor- 
mal and from leukemic individimls. However, there 
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'is ati' antigenic dilTcrcnco between iymphocj'tes 
and granulocytes. 

Further studies on the mechanisms of injury 
and fever with inflammation. Vat.y Menkin. 
Dept, of Pathology, Duke Univ. School of Medicine, 
Durham, jY. C. In earlier studies the writer has 
demonstrated the presence of a factor c.apable of 
inducing injury in inflammatory exudates. This 
factor is either a cuglobulin or it is associated 
with that fraction of e.xudatc. To it the name 
nccrosin has been assigned. There is some prelimi- 
nary evidence that nccrosin may be a jirotcolytic 
^enzyme. Further studies Hidicate that nccrosin 
is usually recovered from exudates at an acid pH 
but it is usually .absent in exudates at an alkaline 
pH. Since earlier work indicates that the degree 
of local injurj’ in inflammation is directly related 
to the rise in hj’drogcn ion concentration, the pres- 
ent type of correlation is significant in our further 
understanding of the mechanism that aids in ex- 
plaining the reaction of injur 3 ' with inflammation, 
namelj’ the additional liberation of nccrosin. The 
repeated injections of this substance into the cir- 
culation of dogs is accompanied by pronounced 
injurj' to the liver parenchyma in the form of what 
appears to be a curious zonal denudation of the 
cj'toplasm of liver cells. The correlation of the pH 
of the exudative material with nccrosin formation 
is also correlated in the same manner with the 
presence in exudates of pyrexin, the factor con- 
cerned in the primarj' mechanism of fever. When 
the exudate is alkaline there usually seems to be 
an absence of pyre.xin in contrast to the presence of 
this substance in acid exudate. This parallelism is 
of significance since recent studies indicate that 
pyrexin production seems related to the activity 
of nccrosin. 

Production of bladder stones and bladder 
tumors in rats bj' feeding of diethylene glycol. 
Arthur A. Nelson, O. Garth Fitzhugh (by in- 
vitation) and Herbert O. Calvery (by invita- 
tion). Division of Pharmacology, Food and Drug 
Administration, Federal Security Agency, IFosA- 
inglon, D. C. Groups of male Osborne-Mendel rats, 
12 on each dosage level of 4, 2, and 1 per cent 
dicthylene glycol mi.xed in the diet, developed 
bladder stones on the 4 per cent level after 32 weeks 
and bladder tumors after 53 weeks. At the end of 
the 24 month e.xperimental period the numbers in 
each group with bladder stones were 11, 7 and 1 
I'e.spectively, while the bladder tumors (simple 
epithelial hyperplasias are not included) numbered 
5, 6 and 0 respectivelj'. The longer survival of the 
rats on 2 per cent probablj’ accounts for their rela- 
tivelj’ greater incidence of tumors. The stones were 
polyhedral or ovoid, light tan in color, slightly 
rough; they were usually multiple and from 1 to 
H mm. in diameter. Of the 11 tumors, most were 
single or multiple fibropapillomas of around G mm. 


diameter ; sometimes thej' were numerous enough 
to make a cauliflower-like mass which together 
with the stones would markedly distend the blad- 
der. One tumor was a carcinoma composed chiefly 
of two masses each 1.2 cm. in diameter, which 
had extended through the bladder wall to neighbor- 
ing structures and had metastasized to a perirenal 
lymph node. Another example was composed of 
two intramural leiomj'ofibromas, the largest 2.2 x 
1.4 X 1.2 cm.; this was the only intramural tumor 
and the onlj' one not associated with bladder 
stones at autopsy. Tricthjdcne glycol was given to 
similar numbers of rats at similar dosage levels, 
and one group of 12 rats received no'glj'col ; neither 
group developed bladder tumors or stones. 

Histopathologic changes in tissues of children 
whose dietary protein was insufficient to sus- 
tain life. Anderson Nettleship. Univ. of Indiana 
Medical School, Indianapolis. The histologic 
changes were studied in the tissues of four children, 
ages 1 year 3 months to 7 years, who had died, as 
nearly' as could be determined, of protein starva- 
tion. These children came from a class of people 
whose chief article of diet is polished rice and 
fruit, occasionally supplemented by black beans 
and fish. While their precise dietary ingredients 
could not be determined clinically, no disease 
other than dietary deficiency could be found. 
Pathologically there were no major infections or 
parasitic disease, and histologically the tissues 
showed no evidence of infection. 

Microscopically all of the tissues showed a wide- 
spread non-inflammatory interstitial and inter- 
cellular edema which was both proteinous, and in 
some tissues, non-proteinous in character. This 
was most evident in the loose connective tissues, 
lymph nodes and lungs. There was marked cyto- 
plasmic loss, compensated for in part by the inter- 
cellular edema. The nuclei were crowded together, 
the karyoplasm condensed and overstained. This \ 
was most marked in the heart and adrenals. The 
fat tissue in the body was depleted and collapsed. 
There were small superficial ulcerations in the 
small intestine and lymphocytic infiltrations in 
the mucosa. The adrenal showed medullary loss. 
The liver lesion was a widespread fatty infiltration 
of an extreme grade. In addition, in two cases, there 
were scattered flecks of necrosis with polynuclear 
infiltration. This lesion is strikingly similar to 
that reported in various experimental dietary 
deficiencies. While no certainty e.xists as to the 
exact factor which is lacking in these children, 
such findings as the above, under the circumstances 
reported, leaves little doubt but what dietary pro- 
tein or related compounds when lacking, in chil- 
dren, may' produce such lesions. IPhe author is 
indebted to The John and Mary Marklc Foundation 
and The American Association of Medical Colleges 
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whose generous financial aid made it -possible io 
study these cases.] 

A toxicologic study of histamine antagonist 
,,,S-dimethylaminoethyl benzhydryl ether hydro- 
chloride (benadryl). George Rieveschl, Jr. 
(by invitation) and 0. M. Gruhzit. Research 
Labs., Parke, Davis & Co., Detroit, Mich. Bena- 
dryl is under investigation as a drug capable of in- 
hibiting physiological effects of histamine. The 
preliminary results of acute toxicity studies give 
the LD-50 in mg./kg. for mice intraperitoneally 
-and subcutaneously as 82 and 130. The intravenous 
LD-50 for rats, rabbits and dogs was 45.7, 10.5 and 
30 mg./kg., respectively. The oral LD-50 in mice 
•and rats was 167 and 545 mg./kg. Lethal doses by 
all routes produced violent excitement, convul- 
•sions and respiratory failure in a short time. 

Chronic oral toxicity in adult dogs was studied 
•at dose levels of 10, 25, 40, and 60 mg./kg. per day 
for approximately 43 days. No progressive changes 
were noted in the blood counts, hemoglobin and 
non-protein nitrogen values. The drug did not 
affect the eating habits of the dogs and there was 
no significant change in weight. It had no or only 
a mild emetic effect. At the 40 and 60 mg./kg. levels 
salivation developed which became a conditioned 
reflex. The 10 mg./kg. dose produced no apparent 
symptoms of nervousness, excitement or irritabil- 
ity in dogs. Higher doses caused nervousness, 
ataxia, gastrointestinal reactions and hyperas- 
thesia of skin. 

Autopsy of the dogs receiving 10 to 25 mg./kg. 
orally revealed no gross pathologic changes. His- 
tologic examination of tissues of the liver, kidneys, 
spleen, pancreas, adrenals, heart muscle, brain, 
gall bladder, urinary bladder of gastrointestinal 
mucosa showed no acute or chronic degenerative 
processes. The central nervous system tissues 
were free of congestion, edema, petechial hemor- 
rhages or necrotic cells. Death of animals was 
primarily associated with respiratory system 
failure. 

Effect of radiation on malaria. An experimental 
study in the chick and duck. R. H. Rigdon, Dept, 
of Pathologi/, Univ.of Arkansas, School of Medicine, 
Little Rock, andHiLEYERRunisELt., Jr. (by invita- 
tion). Dept, of Radiology, Medical College of South 
Carolina,Charlcston. The effect of roentgen irradia- 
tion on P. lophuraevras studied in vitro and in vivo. 
In the former experiments parasitized blood from 
chicks was irradiated and then injected intrave- 
nously into young chicks. The degree of parasitemia 
decreased with the increase in the amount of ir- 
radiation. The course of the mal.arial infection was 
followed by counting the number of parasitized 
cells per 500 red cells. 

The in vivo studies were made by infecting chicks 
with P. lophurae and irradiating the entire body 
u-ith different amounts of roentgen rays and at 
varying intcr%’als after the inoculation. The degree 


of parasitemia decreased in the treated chicks when 
compared with the controls. 

The effect of radium in the form of radium bro- 
mide was studied on P. lophurae both in vilroimd 
in vivo. No effect on the parasitemia was demon- 
strated in any of these experiments. 

Factors influencing agglutination of leukocytes 
by antileukocytic sera. Bernhard Steinberg and 
Ruth A. Martin (by invitation). Toledo Hospital 
Inst, of Medical Research, Toledo, 0. Several fac- 
tors including temperature, centrifugation, pres- 
ence of electrolytes, age and washing of leukocytes, 
were investigated to tmtermine the effect on agglu- 
tination of circulating leukocytes by antileukocytic 
sera. Refrigeration at 8°C. completely inhibited 
agglutination. The velocity of the reaction was 
maximum at temperatures between 22 and 26°C. 
and was decreased at higher temperatures. Cen- 
trifugation accelerated the rate of agglutination. 
Electrolytes were found to be essential in definite 
proportions for the reaction. Age of leukocytes 
stored in the refrigerator appeared to decrease the 
degree of agglutination after the 4th day and inter- 
fered with it more appreciably after the 10th to 
the 14th day. 

On the basis of these investigations the following 
is the optimum technic of agglutination of leuko- 
cytes. One to four day old leukocytes, 27,000 per 
c'u. mm. in number in 0.05 cc. of normal salt solu- 
tion are added to 0.5 cc. of inactivated antiserum 
diluted w’ith normal salt solution at least in the 
ratio of 1:10. The suspension is agitated for a 
period of 1 to 3 minutes and then centrifuged for 
1 minute at 1600 revolutions per minute. The en- 
tire procedure is carried out at room temperature. 
The tubes are shaken gently three times before 
reading. Excessive shaking breaks up the clumps. 
The readings are made immediately after centri- 
fuging. A slight accentuation in the size of the 
clumps is present at the end of one hour with some 
leukocytes. i 

The blood protein tyrosine test (serum euglobu- 
lin) in malaria. Lt. Col. William B. Wartman, 
M.C., A.XJ.S., on leave of absence from the Hist, of 
Pathology, Western Reserve Univ., and (by invita- 
tion) Capt. Nathan Shlimovitz, M.C., A.U.S. 
The purpose of this investigation was to determine 
the usefulness of the blood protein tyrosine reac- 
tion (serum euglobulin) in the diagnosis of malaria. 
One hundred and ten soldiers with clinical evi- 
dence of malaria (P. vivax) and positive blood 
smears were studied three months after removal 
to a temperate, non-malarious district. They had 
been in a highly malarious district under combat 
conditions for four months and received the usual 
suppressive or symptomatic treatment. In this 
group of patients and under the conditions of the 
experiment, the test was not of diagnostic value. 
Forty per cent of patients had a normal protein 
tyrosine level at a time when plasmodia were 
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demonstrable in peripheral blood. It was also 
impossible to predict relapse by means of the test. 
High protein tyrosine levels showed a tendency to 
return to normal within a few months. 

Prosko and Watson (1939) have rciwrtcd that, in 
a different group of patients, protein tyrosine was 
elevated in 97% of eases of clinical malaria and that 
a rise indicated a relapse. Since their patients lived 
and were tested in a m.alarious area, the possibility 
of reinfection could not bo e.vcludcd. It is sug- 
gested that the seeming disparity between our 
results and those of Prosko and Watson may indi- 
cate an important feature of malaria. If blood pro- 
tein tyrosine is increased in chronic malaria in 
endemic areas and not in patients with relatively 
acute malaria and not subject to reinfection, then 
some important alteration has occurred in blood 
proteins, the nature of which is unknown. 

Experimental infection of the rabbit’s eye with 
torula histolytica. Ch.4RI.es Weiss,' Isabella H. 
Perrv (by invitation) and Marion C. Shevkv 
(by invitation). Research Labs, of the Mount 
Zion Hospital, San Francisco, and the Dept, of 
Pathology, Univ. of California. A culture of Torula 
histolytica was isolated from a human eye and in- 
jected into the anterior chambers of the eyes of 
rabbits. This technic permitted the observation of 
very early pathologic changes. The inferior part 
of the anterior chamber became opaque and a 
pannus developed on the surface of the cornea. 

Histologically there was a slight exudate consist- 
ing of polymorphonuclears and some monocytes 
along the periphery' of the cornea. Along the an- 
terior surface of the iris and the posterior surface 
of the cornea there was a delicate festoon of ro- 
settes. In the center of each rosette there was a 
torula organism, surrounded by a single row of 
cells (polymorphonuclears and monocytes). Tor- 
ula were seen engulfed inside of macrophages. 

' Present address: Jewish Hospital, Philadelphia, Pa. 


Plasma protein metabolism— electrophoretic 
studies. Louis J. Zeldis (introduced by Sidney 
C. Madden). Dept, of Pathology, Univ. of Roches- 
ter. Electrophoretic patterns of normal dog plasma 
in veronal buffer at pH S.5 are shown to be essen- 
tially similar to patterns of human' plasma. Dog 
albumin has a higher mobility than human albu- 
min and in a mixture of dog and human plasmas 
migrates as a partially separated peak. Normal dog 
plasma frequently' shows four alpha globulin peaks. 

Rates of restoration of plasma protein com- 
ponents in dogs subject to acute plasmapheresis 
have been studied by' electrophoresis. During the 
first 24 hours following such acute depletion, ap- 
preciable quantities of all electrophoretic com- 
ponents of the plasma proteins enter the circulat- 
ing blood stream even when food is not given and 
has not been given for 12 hours before plasma- 
pheresis. Alpha and beta globulins are restored 
more rapidly than other components. In such fast- 
ing periods albumin and total globulin appear in 
approximately the proportions present in normal 
plasma. Alpha and beta globulins continue rela- 
tively elevated during subsequent day's in which 
caloric and protein intakes are adequate for weight 
and nitrogen gains. Initial albumin levels, however, 
are regained more slowly than those of total globu- 
lin. 

The relative proportions of the electrophoretic 
components of plasma proteins may' be disturbed 
from normal following a single acute depletion for 
as long as two to three weeks after the total protein 
level has returned to normal. 

Abnormally high beta globulin and fibrinogen, 
but a low albumin are found in a dog with an acute 
and chronic cholangitis and hepatitis. Similar 
elevation of gamma globulin is noted in a dog in 
which a hemolytic reaction occurred. 
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The effects of change from a poor to a good diet 
measured by growth, calcium storage, and hemo- 
globin levels. Bertlyn Bosley (by' invitation) 
and Grace MacLeod. Nutrition Laby., Teachers 
College, Columbia Univ., New York City. One 
group of 2S-dny'-old male and female offspring of 
albino rats fed a poor diet (duplicating that found 
iu use by school children from low-income families) 


were fed this poor diet until they were 73 days old 
(corresponding to 6 years in human life) and then 
placed on a good diet (Sherman ’s Diet 1.3) . A second 
group was continued on the poor diet until they 
were 146 days old (12 years in human life), then 
changed to the good diet. A third group, offspring 
of anim.als fed the good diet, were continued on the 
good diet and served as controls. Animals were 
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weighed weekly and hemoglobin determinations 
made bi-weekly. All animals were killed at 194 
days of age (16 years in human life) and the cal- 
cium content of the bodies determined. 

Animals changed to the good diet at the earlier 
age were slightly heavier at 194 days and had 
stored more calcium than those changed later. 
Neither group weighed as much nor had stored as 
much calcium as the control animals. Hemoglobin 
increased rapidly after the change in diet and had 
reached similar levels in all three groups of 194- 
day -old animals. 

The slow gains in weight on the poor diet arc 
typical of the sub-noral increases in weight of 
children living on poor diets. The low calcium 
stores of the rats on the poor diet find some coun' 
terpart in the poor calcification revealed by X-ray 
examinatioir of the bodies of such children. 

The use of mice for the measurement of the 
growth promoting quality of proteins. D. K. 
Bosshardt, L. C. Ydse, M. M. Ayres, I. S. West- 
EAEL and E. D. Weiss (introduced by R. H. 
Barnes). From the Depl. of Biochemical Research, 
Medical-Rcsearch Division, Sharp & Dohme, Inc., 
Glenolden, Pa. The method of Osborne, Mendel 
and Ferry for the measurement of protein effi- 
ciency ratios (grams gain in weight per gram of 
protein ingested) has been adapted for use with 
mice. Three protein sources, defatted dried whole 
eggs, casein, and wheat gluten were employed for 
the establishment of conditions for calculating the 
protein efficiency ratios. These protein sources 
were fed ad libitum to groups of 7 mice at 8 different 
levels in the diets. Body weight gain, carcass pro- 
tein gain, protein consumption and digestibility 
measurements were made. 

The ratio of body weight gain to protein con- 
sumed at each level of protein was found to be most 
constant from the 7th to the 10th day after com- 
mencing the test feeding period. Choice of a satis- 
factory test period is somewhat arbitrary, but it 
would appear that the best time for the establish- 
ment of the efficiency ratio is between 1 and 3 
weeks. A fraction of the time is required for the 
establishment of the protein efficiency ratio and a 
very small amount of the test protein is necessary 
with the mouse assay ns compared with the more 
conventional rat assay. The absolute efficiency ra- 
tios are not the same for both rats and mice, but the 
results of a large number of assays indicate that 
proteins fall in the same order of classification by 
the 2 methods. 

The nutritive value of fats. R. K. Boutwele 
(by invitation), R. P. Geyer (by invitation) and 
E. B. H.art. Depl. of Biochemistry, College of 
Agriculture, Univ. of IFisconsin, Madison. Studies 
were made with weanling rats on the growth 
promoting value of fats amply enriched with fat 
soluble vitamins. It was indicated that improved 


growth effected by the substitution of butter fat 
for corn oil in certain rations was due to an increase 
in the B vitamins available to the rat from the in- 
testinal tract. This conclusion was reached from 
growth data obtained when butter fat or corn oil 
was fed in combination with 10 different carbohy- 
drates and at 3 distinct levels of B vitamins. The 
fat soluble vitamins, salts and casein portions of the 
ration were kept constant throughout. . 

Rats on purified diets which contained a medium 
but not excessive levels of B vitamins maintained 
a normal growth rate if fed butter fat in com- 
bination with the following carbohydrates : starch, 
dextrin, dextri-maltose, suerose and a mixture of 
equal parts of fructose and glucose. Growth was 
subnormal if corn oil was substituted for butter 
fat in these rations. In contrast, equal and excel- 
lent growth was produced on any of the possible 
fat-carbohydrate combinations by a 3-fold increase 
of synthetic B vitamins plus the addition of a liver 
concentrate as a source of unknown nutritional 
factors. 

Lactose tended to follow the pattern of the above 
carbohydrates, except the overall growth was 
poorer. Normal growth was approached with either 
fat at the higher level of vitamins including a liver 
powder. 

The two fats in combination with a mixture of 
glucose and galactose or glucose and galactose alone, 
were comparable in nutritive value at all levels of 
vitamins. 

The respiratory quotient and blood pyruvate and 
lactate after ingestion of glucose or fructose by 
diabetic patients. Thorne M. Carpenter, How- 
ard F. Root and Elmer Stotz (by invitation). 
Nutrition Laby., New England Deaconess Hospital 
and Harvard Medical School, Boston, Mass. The 
respiratory quotient (R.Q.), the blood sugar, and 
the pyruvate (PA) and lactate (LA) levels of the 
blood were determined in diabetic patients before 
and after the oral ingestion of 50 grams of glucose or 
fructose. In a group of 26 patients who had been 
without insulin for varying lengths of time preced- 
ing the tests, slight rises in R.Q. after ingestion of 
glucose were not generally accompanied by rises 
in PA and LA, but when the rise in R.Q. was 0.05 
or over, there was usually a rise in either PA or LA 
or both. With one exception, when there was no 
rise in R.Q. there were no significant changes in 
the acid levels of the blood. In a group of 20 pa- 
tients, when insulin was given immediately' pre- 
ceding or immediately following the ingestion of 
glucose, the majority showed rises in the R.Q. and 
acid levels of the blood, and these changes were 
in some patients larger than would occur with the 
majority of normal subjects. The ingestion of 60 
grams of fructose by 15 patients produced a rise 
in R.Q. in 10 of them, and in all of them the PA and 
LA levels were increased even when no rise in 
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R.Q. took place. The rises in R.Q. and organic acid 
levels of the blood were, in general, larger than 
after the same amount of glucose. The intcrmc- 
di.ary metabolism of fructose is, with diabetic pa- 
tients ns with normal subjects, dilTorent from that 
of glucose. 

Vitamin E and brownish discoloration of adipose 
tissue in rats fed diets high in cod liver oil. H. 
Dam and K. E. Mason. Dcpls. of Biochemistry 
and Anatomy, Unit’, of Rochester School of Medi- 
Cine and Dcnlistry, Rochester, X. F. Rats reared 
from weaning on diets low in vitamin E and con- 
taining 20% cod liver oil (but not diets containing 
20% benzol extract of hog liver, or 2% cod liver oil) 
exhibited a brownish discoloration of the adipose 
tissue, apparent grossly as earlj' as the 42nd day 
and increasing slowly with continued feeding. 
Histological changes, demonstrable to a minor 
degree as early as the 10th or 15th days, were char- 
acterized by phagocytosisof irregular sized globules 
of brownish fat (probablj' fatty acids of unknown 
composition) by developing fat cells which even- 
tually formed compact clusters irregularly inter- 
spersed betwwen normal adipose tissue cells. 
Sometimes pigmented fat aecumulated as a ring at 
4he periphery of large droplets of neutral fat. In 
their acid-fast and other staining reactions these 
globules resembled the pigment occurring, usually 
at a later stage, in the musculature and elsewhere 
in the E deficient rat, and the “ceroid” pigment of 
nutritional cirrhosis in rats. Rats reared for 5-6 
Months on E deficient diets and subsequently fed 
a 20% cod liver oil diet for 4 months showed only 
minor changes, due probably to a natural decrease 
in the number of developing fat cells at this age. 

These fat changes were readily prevented by 
tocopherol feeding but, once well established. 
Were reduced to some extent in subcutaneous and 
Mesenteric tissue but to little or no degree in de- 
pots adjacent to the kidneys and sex glands after 
SO to 106 days of intensive tocopherol therapy. 

The effect of thiamine-free, high-protein diets 
on rats. IV. J. Dann. Dept, of Physiology, Duke 
Univ. School of Medicine, Durham, N. C. Banerji 
(Biochem. J. 35 : 1354 ; 3G : 530. ) maintained rats for 
Sto 4 months on thiamine-free diets containing 80% 
of casein ; they grew moderately well, showed no 
polyneuritis or bradycardia, but excreted increased 
nmounts of bisulfite-binding substances (BBS), 
and their kidney tissue exhibited the catatorulin 
effect. 

These observations have been extended by main- 
taining albino rats of the Vanderbilt strain for 
More than a year on a diet of Labco casein 80%, 
peanut oil 15%, salts 5% with added choline chlo- 
’’■de, riboflavin, pantothenic acid, pyridoxine, 
and vitamins A, D, and E. Ten four-week-old rats 
were given this diet, and three died after 168, 
-63, and 33G days respectively ; seven were killed 


from day 384 to 470. Mortality was similar among 
other groups given this diet plus thiamine, whether 
the rats, wore pair-fed or fed ad lib. The most com- 
mon cause of death was inanition following forma- 
tion of hairballs in the stomach ; a number of the 
rats killed also had hairballs. The incidence ap- 
peared greatest among the control rats fed ad lib. 

After one year on the diet, surviving rats re- 
ceiving no thiamine exxreted more BBS than con- 
trols, had a mean heart rate of 400 against 475 
for controls, weighed 176 gm. compared with 
173 gm. for pair-fed controls and 259 gm. for con- 
trols fed ad lib. Controls fed ad lib had rough coats 
compared with glossy ones in the other groups. 
Aside from stunting, the rats receiving no thiamine 
appeared in excellent condition. 

The excretion of riboflavin by young women on 
several levels of intake. Maugahet Davis and 
Helen Oldham (introduced by Thelma Porter). 
Dept, of Home Economics, Univ. of Chicago, Chi- 
cago, III. Riboflavin excretion of young women on a 
diet in which the amount of the vitamin was pro- 
gressively increased was followed over a period of 
eight months. 

Average daily riboflavin intakes during Periods 
I and II were 0.29 and 0.28 mg./lOOO calories 
respectively. Dietary changes brought intakes to 
0.49 and 0.66 mg./lOOO calories during Periods III 
and IV. Total daily intakes averaged 7.1 mg. dur- 
ing Period V, which lasted two weeks. Intake 
during Period VI was 0.63 mg./lOOO calories. From 
five to nine subjects were studied on each level. 

Physical examinations at the beginning of the 
experiment and following Periods I and II re- 
vealed no signs of riboflavin deficiency. 

Preliminary observations, with the subjects on 
their usual diets, showed an average daily urinary 
excretion of 435 meg. Excretions “levelled off” 
within a week after each change in diet. Daily ex- 
cretions during the first four periods averaged 119, 
107, 150, and 263 meg. respectively. E.xcretions 
rose sharply during Period V, but after two weeks 
on a lower intake, the average was 325 meg. 

During the preliminary study, average return of 
a 1-mg. test dose was 16%. At the end of the first 
two periods returns averaged 2.8 and 4.5%. With 
increased intake the return was 11.8% at the end 
of Period III, and 16.3%, equalling the preliminary 
level, at the end of Period IV. Returns were not 
increased by supplementation, the average at the 
end of Period VI being 15.6%. 

Although levels of fecal excretion differed con- 
siderably among individuals, the amount e.xcreted 
bj' each person remained relatively constant de- 
spite dietary variations. Daily e.xcretions at the 
end of the first four periods averaged 686, 496, 575, 
and SSO meg. respectively. At the end of Period 
VI excretions averaged 599 meg. 

The nutritive value of Michigan fish. I. The 
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nicotinic acid content of lake herring, carp, com- 
mon suckers and burbot. Jessie L. Finley (by 
invitation), Thelma Porter, P. I. Tack (by in- 
vitation), Edna.Leffler (by invitation), Norma 
Scott (by invitation) and Ruth Nitchals (by 
invitation). Dept, of Foods and Nutrition, School 
of Home Economics, Michigan State College, East 
Lansing. Freezing, smoking, baking and seasonal 
and environmental conditions have been studied as 
they affect nicotinic acid content of lake herring 
{Leucichthys artedi), common suckers {Cotostomus 
c. commersonii) , carp {Cyprinus carpio), and 
burbot (Lota lota maculosa). The tissue ivas di- 
gested with enzyme (polidase-S) in a solution at 
pH 7 for 16-18 hours at 45°C. A modification of 
Dann and Handler cyanogen bromide colorimetric 
method was used. 

Series of lake herring from Saginaw Bay averaged 
55, 31 and 23 meg. of nicotinic acid per gram of 
edible tissue; herring from Green Bay contained 
27 and 23 meg. per gram. The significant difference 
is believed due to season and environment. Series 
of common suckers averaged 13 and 11 meg. of nico- 
tinic acid per gram of tissue, carp 15 meg. and bur- 
bot 16 meg. 

Freezing and subsequent storage of filleted fish 
caused insignificant loss of nicotinic acid in carp, 
common sucker and lake herring. Baking losses 
were insignificant in 4 series of fresh or frozen fish. 
Smoked herring retained an average of 66 per cent 
of the nicotinic acid in the unprocessed tissue. 
Two series of common suckers retained 55 and 89 
per cent; the higher retention was in the series 
cured for a shorter period in a brine of lower 
salt concentration. 

An average serving of the lake fish observed in 
this study would furnish approximately xV of the 
daily nicotinic acid requirement of an average man. 

Nutrition studies in the New Orleans area. 
Grace A. Goldsmith. Dept, of Medicine, Tulane 
Univ., School of Medicine, New Orleans, La. 
Dietary surveys have been conducted in Louisiana 
recently by several investigators, a total of 6,708 
grade and high school students and 1862 families 
being studied. The diets o 8 to 75% of persons in 
the various groups were found to be inadequate, 
while only 0.3 to 41% of the diets satisfied Na- 
tional Research Council recommendations. The 
diets were often low in minerals, vitamins of the 
B complex, ascorbic acid and vitamin A. Medical 
examination, by the State Health Department, of 
545 school children included in these survej's 
showed 44% to be undernourished, and 10.8% 
to be anemic. 

Another group of OSS children were examined 
specifically for evidence of nutritional deficiency. 
There was a high incidence of dental defects, old 
rickets, and findings suggestive of riboflavin, nia- 
cin, vitamin A, and ascorbic acid deficiency. 


Of 200 patients examined in medical wards of 
Charity Hospital more than 40% had findings sug- 
gestive of riboflavin and/or niacin deficiency while 
signs suggestive of thiamine and vitamin A de- 
ficiency were frequently encountered. Plasma as- 
corbic acid was low in two-thirds of a group of 
patients studied in a medical clinic. These findings 
were corroborated by ascorbic acid "load” (toler- 
ance) tests. The excretion of niacin derivatives in 
the urine was low in a large percentage of hos- 
pitalized patients studied. 

The dietary records and the urinary excretion of 
thiamine, riboflavin and Fo have been examined 
in a group of pregnant women attending prenatal 
clinics of the State Health Department. Findings 
will be discussed. 

The influence of carbohydrates on in vivo tooth 
decalcification in rats by acid beverages.* Ross 
A. Gortner, Jr. (by invitation), J. S. Rest.^r- 
SKi (by invitation) and C. M. McCat. Naval 
Medical Research Inst., National Naval Medical 
Center, Bethesda, Md. Ingestion of 20 cc. dailj’ of 
a common soft drink for one week causes gross 
destruction of enamel on rat molars. Analyses show 
this beverage to contain 10 per cent sucrose and 
0.055 per cent phosphoric acid, with a pH of 2.6. 

When the sucrose is replaced by saccharin to give 
a solution of the same pH and sweetness, very little 
tooth decalcification results. Although a sucrose 
solution alone has no effect on the enamel surface, 
the presence of sucrose in the acid drink greatly 
exaggerates the destructive effect of the acid. 
Comparable results have been obtained using mal- 
tose and glucose, but preliminar 3 ’' studies with a 
few rats suggest that lactose does not have this 
synergistic action with acid. 

The possibility that the greater viscosity of the 
sucrose-acid solution, as compared with the sac- 
charin-acid solution, was mainly responsible for 
the strikinglj' different effects of these beverages, 
has been investigated. By adding physiologic.ally 
inert dimethoxycellulose (methocel) to the sac- 
charin-acid solution, the viscosity was increased 
to that of the sucrose-acid solution without materi- 
ally increasing the decalcifying properties of the 
beverage over that of the saccharin-acid alone. 

Analyses of complete sets of molars from 56-55 
day old rats have shown the normal enamel content 
to be around 16 per cent. Rats that drink the 
saccharin-acid solution for one week have about the 
same percentage of enamel; however, ingestion of 
the sucrose-acid • drink for a comparable period 
lowers the enamel content of the molars about 
25 per cent. 

Further observations on experimental dietary 


• Tho opinions and views set forth in tliis abstract are thrAC 
of the writers and arc not to he considered as reflectinK the 
policies of the Navy Department, 
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lepalic injury. Gy(5uc.y and Haury Gold- 

BLATT (by invitation). Dept, of Pediatrics, School 
of Medicine., Univ. of Pcmisyh'ania and Dept, of 
Pathology, School of Medicine, IFcs/erti Reserve 
Unit'. The quantity of the peculiar pigment (“ce- 
roid”), to be found in dietary liver cirrhosis, in the 
rat, is appreciably decreased when diets arc used 
free from cod liver oil. Inactivation of estrogenic 
hormones by normal liver is interrupted in rats 
suffering from dietary liver cirrhosis- This reaction 
can be followed through vaginal smears in castrated 
rats kept on a cirrhosis producing diet and whose 
spleens have been implanted with small pellets of 
crystalline estrogenic hormone. Methionine (50 
mg. dally) or cascin-h 3 ’drolysate (1 gram daily) 
used as supplements have proved to bo potent 
therapeutic factors in restoring the normal inac- 
tivating ability of the liver cells with regard to 
estrogenic hormone. Variations in measured food 
intake lave shown no correlation with these thera- 
peutic results. Pellets of estrogenic hormone in 
the spleen e.xcrt a definite protective effect on the 
liver: a smaller percentage of rats develops liver 
cirrhosis and then in a milder form than control 
castrated or normal animals without such im- 
planted hormone pellets. It is especially significant 
that this protection of the liver is independent of 
the estrogenic effect of estrone and is probably 
linked with its anabolic, N-sparing (local hepatic?) 
effect. 

The stabilization of carotene in linoleic acid by 
tocopherol and rice bran extract. Paul GyOrgy' 
and R. M. Tomarelli (by invitation). Dept, of 
Pediatrics, Univ. of Pennsylvania, School of 
Medicine and Wyeth Inst, of Applied Biochemis- 
try, Philadelphia. Earlier experiments demon- 
strated that rice bran extract acts synergisti- 
cally with “butter yellow” in the retardation 
of the o.xidation of linoleic acid. In the present 
nutritional study rice bran e.xtract was again 
shown to participate in an antioxidant syner- 
gism; in this case it enhanced the activity of to- 
copherol in the preservation of carotene dissolved 
in linoleic acid both “in vivo” and “in vitro”. 
Vitamin A depleted rats failed to grow and soon 
died when supplemented daily with 3.5 gamma of 
carotene in 0.1 ml. of linoleic acid given by mouth. 
Simultaneous administration of 0.2 ml. of rice bran 
extract was ineffectual. 2 mg. of rriixed tocopherol 
with the same carotene supplement permitted 
fair growth. When 0.2 ml. of rice bran extract is 
added to tocopherol and carotene, a significantly 
better growth was obtained. That this difference 
Was caused by better utilization of carotene could 
ho proven by showing that the weight curves of 
the two groups soon became identical when rats 
from each group received an excess of carotene in 
cottonseed oil. The enhancement of the antioxidant 
activitj’ of tocopherol by rice bran e.xtract could 


also bo demonstrated “in vitro”. With the same 
proportion of carotene, tocopherol,' linoleic acid and 
rice bran e.xtract as in the feeding e.xperiments, at 
room temperature, the presence of rice bran extract 
increased the preservation time of carotene four 
fold. A chemical study was made of the relationship 
of carotene and tocopherol disappearance to perox- 
ide number increase with and without the presence 
of rice bran extract. 

Chronic thiamin deflMency. Williamina A. 
HiMwicn (by invitation) and Harold E. Him- 
wicn. Dept, of Physiology and Pharmacology, Al- 
bany Medical College, Union Univ., Albany, N. Y. 
The value of the fasting blood level of pyruvic acid 
in detecting chronic thiamin deficiency has re- 
cently been assailed. Six dogs were maintained on a 
thiamin-free diet supplemented with just sufficient 
thiamin to prevent the appearance of deficiency 
symptoms for periods of 4-8 weeks. Upon the 
development of symptoms 5 mg. of thiamin were 
given orally and a chronic deficiency again allowed 
to develop. The study continued for approximately 
18 months. Pyruvic acid tolerance and glucose 
tolerance tests were made upon each dog at differ- 
ent stages of chronic deficiency, after a period of 
adequate feeding of thiamin and in acute thiamin 
deficiency. Fasting blood samples were drawn twice 
weekly from the time of the administration of one 
5 mg. dose of thiamin to a second dose. Three dogs, 
used as controls were given optimum amounts of 
thiamin. Pyruvic acid, lactic acid and glucose de- 
terminations were made on all blood samples. 

The glucose tolerance tests proved a better meas- 
ure of the progress of the deficiency than did the 
pyruvic acid tolerance tests. Although all the 
pyruvic acid'values in any one glucose tolerance 
test gave a consistent view of the degree of defi- 
ciency almost as much information was gained from 
the initial value. As long as the dog ingested his 
daily ration of food, the fasting pj'ruvic acid level 
was the best single measure of the progress of the 
developing deficiency. (Aided by a grant from the 
Wiiliams-Waterman Fund of the Research Cor- 
poration.) 

Vascularization of the cornea as a result of 
lysine deficiency. Charles W. Hock, W. Knowl- 
TON Hall, Edgar R. Pund (all by invitation) and 
V. P. Stoensthicker. Depls. of Medicine, Bio- 
chemistry and Pathology, Univ. of Georgia School 
of Medicine, Augusta. Young albino rata were 
placed on a Ij’sine deficient diet at weaning in order 
to investigate the development of comeal vessels 
as described by Totter and Day. The protein of 
the diet was either from rolled oafs, or with most 
of the rats, zein supplemented with amino acids 
so that, with lysine, normal growth resulted. In 
the absence of lysine, comeal vessels observable 
bj' biomicroscopy appeared in from five daj's to 
two months. The first .definite change seen, usuallj’, 
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was edema of the conjunctiva followed by conges- 
tion with engorgement of the limbic circumferen- 
tial vessels from which newly formed capillaries 
soon appeared at irregular intervals. These even- 
tually reached the center of the cornea where they 
anastomosed with capillaries from the opposite 
side. The feeding of lysine produced narrowing of 
the corneal capillaries until they could no longer 
be seen with the slit-lamp. 

Histological sections of eyes from ten rats con- 
firmed the slit-lamp observations. Corneal capil- 
laries were noted in two instances before they 
were demonstrable by the slit-lamp, though 
in one of these, streaks had been seen. In four in- 
stances where rats had been fed lysine until the 
capillaries could no longer be seen with the slit- 
lamp, minute vessels were observed histologically. 

The capillaries grew in buds from the subepi- 
thelial limbic vessels and extended throughout the 
cornea immediately beneath the basement mem- 
brane of the overlying epithelium and thus pro- 
duced ridges. (Aided by grants from The John 
and Mary R. Markle Foundation and Merck and 
Co.) 

The effect of tocopherol on essential fatty acid 
utilization. E. L. Hove and Philip L. Harris 
(introduced by John R. Murlin). Research Labs., 
Dislillation Producls, Inc., ‘Rochester IS, N. Y. 
Tocopherols greatly increase the effectiveness of 
methyl linolate in curing essential fatty acid de- 
ficiencies in rats. This action is evident at linolate 
levels below 80 mg. per day. Doses of natural a-to- 
copherol between 0.25 and 1.0 mg. per day are 
equally effective. The synergy between tocopherol 
and linolate is also evident when sesame oil is used 
as the source of linolate. When tocopherol, but no 
essential fat, is fed to essential fatty acid deficient 
rats the severity of the deficiency appears to be 
increased in some respects. 

Quantitative estimations of water consumption, 
hind paw scalincss, caudal lesions, and growth were 
used as the criteria for the rate of cure of the 
essential fatty acid deficient syndrome. Iodine 
values and saponification numbers of the body 
fats were determined. 

When tocopherol is fed to weanling rats on the 
fat free diet the development of the essential fatty 
acid deficiency is delayed. This offers some evi- 
dence that the synergy between tocopherol and 
linolate is not restricted to the gastrointestinal 
tract. 

The comparative growth-promoting value of 
the proteins of wheat germ, corn germ, and of 
some other protein foods of plant and animal 
origin. D. Breese Jones and Katherine D. 
WiDNESS (by invitation). Bnrcait of Human Nu- 
irilion and Home Economics, Agricultural Research 
Administration, U. S. Dept, of Agriculture, 
IVashington, D. C. Defatted and processed wheat 


and corn germs were fed as the sole source of 
protein to weanling rats at 10, 15, and 17.5 per 
cent protein levels in diets approximately isocaloric 
and nutritionally adequate with respect to dietary 
factors other than protein. For comparison, experi- 
ments were similarly conducted with soybean, pea- 
nut, and cottonseed flours, skim milk powder and 
dried w'hole eggs. Both the ad libitum and paired 
feeding methods were used and the results were 
evaluated on the basis of net weight increases and 
gains per gram of protein consumed over six-week 
periods. 

Consistently higher nutritional values were 
found for wheat germ than for corn germ by both 
methods of feeding. Values for corn germ ranged 
from 76 to 88 per cent of those found for wheat 
germ. Definitely higher values at the different 
protein levels were obtained wdth egg powder than 
with any of the other materials fed. At 10 per cent 
protein level ivheat germ proved as efficient as skim 
milk powder, but at the two higher levels the latter 
gave significantly higher values. 

Corn germ fed at 10 and 15 per cent protein levels 
produced equal or greater net weight gains than 
w’ere obtained with peanut or soybean flour, but it 
ivas not as effective as cottonseed flour fed at 15 
and 17.5 per cent levels. 

Experimental rickets in the hamster. James H. 
Jones. Dept of Physiological Chemistry, School of 
Medicine, Univ. of Pennsylvania, Philadelphia. 
Thirty -seven hamsters at about 25 days of age 
were divided into 3 groups. Group I (13 ani- 
mals) was given a synthetic diet low in phos- 
phorus and no vitamin D. Group II (12 animals) 
was given the same diet plus phosphorus and ho 
vitamin D and Group III (12 animals) was given 
the same diet with phosphorus and vitamin D. 
At the end of five weeks the animals were anes- 
thetized and bled. Inorganic phosphorus was deter- 
mined on the serum of each individual animal and 
calcium on the pooled sera of several animals. A 
radius of each animal was examined by the “line 
test” technique, and the percentage of ash was 
determined on the right, fat-free femur. The aver- 
age serum calcium, serum phosphorus and bone ash 
for each group w’ere as follows ; Group 1 12.7 mg. %» 
2.2 mg. %, and 30.4%; Group II 11.6 mg.%, 6.3 
irB -%1 ond 57.2%; Group III 12.1 mg.%, 5.8 mg.% 
and 56.2%. 

The animals of Group I showed a very wide un- 
calcified area at the distal ends of the radii. 
Whereas calcification, as judged by this criterion, 
was apparently normal in both Groups II and III. 
There was no detectable difference in any respect 
between the latter two groups. Wo may coneliide 
that it is possible to produec marked rickets in the 
hamster, but .as with the fat, the diet must be 
low in phosphorus as well as being deficient in 
vitamin D. 
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Some observations on nutritional cfTecIs of 
choline and related compounds. T. II. Jukes, A. 
C. Donxnusii (by invit.ation) and J. J. Oi.eson 
(by invitation). Lcdcrlc Laboralorics, Pearl River, 
N. T. Tlic rat np])ears to utilicc aniinoctlianol as 
a "methyl acceptor”, together with such "methyl 
donors” as methionine or betaine, in the formation 
of choline. The chick appears to be unable to form 
choline by this moans. However, chicks were 
found to use dimcthylaminoethanol as a substitute 
for choline in a diet wliich was deficient in choline 
but which contained methionine. Monomcthyl- 
aminocthanol was somewhat effective, but seemed 
to be less effective than dimcthj'laminocthanol. 
Dimothylaminocthanol did not ])romoto growth of 
chicks on a basal diet deficient in methionine, but 
growth was greatly stimulated when dimcthyl- 
aminoethanol and jnethionine were both added to 
this diet. 

Growth of the “cholineless” mutant (No. 34486) 
of Keurospora crassa was stinudated by dimcthyl- 
aminoethanol which appeared to be as effective as 
choline chloride on a molar basis. The activity of 
monomethylarainoethanol varied from S per cent 
(at low levels) to 40 per cent (at high levels) of the 
activity of dimethylaminocthanol. 

A sample of crude aqueous liver c.\tract wassub- 
mitted to hydrolysis with barium hydro.xide fol- 
lowed bj' precipitation with roincokatc. The fil- 
trate was tested with the cholinelcss mutant, and 
was found to be active. 

The hypothesis may be considered that amino- 
ethanol might be transformed to choline in three 
successive steps each of which consists of the addi- 
tion of a methyl group. The rat presumably may 
carry out all three steps, while the chick and the 
cholineless mutant (No. 344S6) of Neurospora 
appear to carry out the third step, and possibly the 
second step, but not the first step. 

The lipid partition of isolated cell nuclei of dog 
and rat livers.' Miujked Kauciiek, Elsie Z. 
Mover, Allen J. Rictiards (all by invitation) 
and Harold H. Williams. Research Laby., Chil- 
dren’s Fvnd of Michigan. Lipids arc esscntiiil 
cellular components and are known to be especially 
important in the structure of cell membranes. The 
lipid partition has been determined for cryochem 
dried nuclei, isolated according to the procedure 
of Dounce [J. Biol. Chem. 147: 6S5 (1943) I and for 
comparable samples of whole liver tissue of normal 
dogs and rats and rats treated with butter yellow 
(p-dimethylamino-azobenzene). ' 

The total, lipid contents of the nuclei were 16.5 
nnd IS.l per cent, respectively, for the dog and 
• ’'nt livers, compared to 17.2 and 14.9 per cent for 
the whole tissue. Qualitatively, the lipid partition 

' br. GcorffO R. Sharpless, Henry Ford Hospital, supplied tho 
OK liver and butter yetlow-treated rat livers. 


was similar, but the phospholipid which comprises- 
over half of the total lipid w.is significantly higher 
in the nuclei thau in the wliolo liver tissue. The 
major portion of the phospholipid was cholinc- 
containing, mainly lecithin. No significant amounts 
of cercbrosidcs could be detected. 

Isolated coll nuclei front the livers of rats re- 
ceiving butter yellow contained significantly less 
Ithospholipid and more free and combined choles- 
terol than nuclei from the livers of normal 
rats. 

Effect of storage on thiamine, riboflavin and 
niacin in rice. M. C. Kik. Univ. of Arkansas, 
College of Agriculture, FayeUcville. Samples of rice 
and its by-products of tlircc varieties, Supreme 
Blue Rose, Early Prolific and Fortuna wore stored 
for years at room temperature in dark brown 
bottles. Tlic average thiamine, riboflavin and nia- 
cin losses in three samples (whole and ground ker- 
nels) arc given below. Tim samples of bran and pol- 
ish molded considerably which may account for 
the high losses. 



I Whole kernels, loss 

I (per cent) 

1 i 

Ground kernels, Joss 
(per cent) 

Thi. 

amine 

Ribo' 

flavin 

Niacin 1 

Thi. 
amine ! 

1 Ribo- 
flavin 

Niacitk 

Hough . . . 

10.87 

6.34 

4.12 

22.10 

' 8.75 

5.76 

Brown . 

28.40 

4.20 

3.87 

29.00 

7.57 

6.80 

White . 

29.40 

8.44 

3.77 

34.60 

6.40 

8.71. 

Bran . . I 

80.37 

16.38 

35.20 




Polwh ... 

45.30 

18.00 

34.60 


[ 



Similar samples of two varieties Lady Wright 
and Improved Blue Rose were placed for 24 years 
in freezer-storage locker (temperature 14°F.). 
No significant losses of thiamine or niacin and only 
slight losses of riboflavin occurred during cold 
storage. Tlie average losses for this set are given 
below. 



I-oss (per cent) 

Thiamine 

Riboflavin 

Niacin 

Rough 

1,81 

1.98 

1.30 

Brown 

3.21 

3.84 

1.95 

White 

0.54 

1.61 

1.20 

Bran 

0.40 

1.73 

3.25 

Polish 

0.36 

3.75 

3.63 


Rice samples (whole kernels) in various stages 
of milling were stored in ghass containers in the 
light at room temperature (average S4T.). Ground 
kernels were stored in paper bags in t ; 

room temperature. The average per 
arc given below. These samples 
thiamine. 
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After 3 I 
months, j 
loss (per 
cent) 

After 9 months, loss 
(per cent) 

' Ground 
kernels j 

Whole 

kernels 

Rough 

S.Ol 

12.73 

8.24 

Brown 

4.75 

11.28 

11.43 

Undermined 

5.40 

14.67 

7.18 

MUled 

7.38 

15.35 

13.19 


Losses up to 7 per cent were found after 3 months 
storage in ground kernels, and up to 15 per cent 
in ground kernels and 13 per cent in whole kernels 
after 9 months storage. The losses were slightly 
lower for whole kernels than for ground kernels, 
(Aided by a grant from the Williams-Waterman 
Fund of Research Corporation.) 

Effects of pre-flight and in-flight meals of vary- 
ing composition upon altitude tolerance. C. G. 
King and (by invitation), H. A. Bickerman, W. 
Bouvet, C. J. Harrer, J. R, Oyler and C. P. 
Seitz. Dept, of Chemistry, Columbia Univ. The 
investigation was undertaken to explore certain 
practical feeding practices that might have a sig- 
nificant bearing upon altitude tolerance. Primary 
emphasis was placed upon quantitative records of 
performance, food intake, and standardization of 
human test subjects. Inanition (beyond 4 hours) 
was least favorable at all elevations (2,000 to 17,000 
ft.) ; high protein meals were next, and high carbo- 
hydrate meals providing 800 to 1000 calories were 
most favorable. Fats were intermediate. Moderate 
variation in vitamin intake and acid-base balance 
appeared to be of lesser importance but of some 
significance. 

Citric acid excretion was doubled by four ex- 
posures of throe hours each per week, at 17,000 ft. 
Peripheral vision (cortico-retinal function) and 
block placement (psychomotor function) tests 
gave consistent data in repeated measurements 
impairment at altitude. 

Deficiency of rate of energy conversion (power) 
in starvation. Max Kueiber. College of Agricul- 
ture, Univ. of California, Davis. A group of 11 
rats, kept at 20-24“C, and receiving only water, 
survived on the average 9.4 days. A corresponding 
group, with access to minerals and vitamins be- 
sides water, survived 9.0 days. A third group, 
receiving daily 1.5 g. casein in addition to vitamins, 
minerals and water, had a mean survival time of 
11.5 days. A fourth group, with 1.9 g. glucose in- 
stead of the casein, lived on the average 10.5 days; 
and a fifth group, with only water and .19 g. glucose, 
died on the average after 13.2 days. 

The relation of energy requirement and survival 
time in starvation was tested further with rats 
starving at two different levels of environmental 
temperature. Thirteen rats starving at 20 to 24°C 
survived on the aver.agc 9.0 ± 0.7 days, whereas 


21 rats, starving in an environment of 30°C had a 
mean survival time of 17.2 ± 1.5 days. 

For the rats starved at 20-24°C the second but 
last day’s metabolic rate (measured at 30°C) 
averaged 53.8 ± 2.7 per cent of the standard meta- 
bolic rate after 16 hours fast. The corresponding 
figure for the rats starved at SO^C is 33.1 ± 2.2 
per cent. 

This highly significant difference in the meta- 
bolic rate before death, dependent on the environ- 
mental temperature, supports the idea that the 
major factor in death from complete starvation is a 
deficiency in power, that is rate of energy conver- 
sion, which may occur when the animal body still 
contains a considerable amount of chemical energy. 

A nicotinic acid deficiency in the rat caused by 
feeding corn. Willard A. Krehl (by invitation), 
Lester Teply (by invitation) and C. A. Elveh- 
jem. Dept, of Biochemistry, Univ. of Wisconsin, 
Madison. Since the time of Casal, corn has been 
indicated as a causative factor in pellagra, and 
Aykroyd has suggested that more nicotinic acid 
is required to prevent this disease when corn is the 
chief dietary component. These views concerning 
corn have been examined experimentally by feed- 
ing rats a highly purified synthetic ration (essen- 
tially free of nicotinic acid) supplemented with 
either yellow corn, white corn, or corn grits at a 
level of 40 per cent of the entire ration. In all 
cases, the rations containing corn produced a 
nicotinic acid deficiency in the rat, characterized 
by a severe growth depression which was com- 
pletely counteracted by nicotinic acid. Graded 
amounts of nicotinic acid, up to 1.5 mg. per 100 g. 
of ration, resulted in corresponding increments in 
growth. Trigonelline and a specially prepared "nor- 
ite eluate” preparation, fed at levels up to the 
equivalent of 23 ug. of B„ per 100 g. of ration, were ^ 
ineffective in counteracting the deficiency. 

The effect caused by corn is apparently not 
related directly to its nicotinic acid content since 
polished rice and rolled oats, which contain less 
nicotinic acid than yellow corn produced no growth 
depression when fed under identical conditions. 
Although nicotinic acid per se has been most effec- 
tive in counteracting the effect of corn, there are 
indications that intestinal synthesis may play an 
important r61e, since carbohydrates other than 
sucrose modify the growth depression caused by 
corn and furthermore, small supplements of milk, 
supplying very small amounts of nicotinic acid, 
affords a marked but latent protection. 

The influence of fluoride on in vivo tooth decal- 
cification in rats and dogs by acid beverages.’ 

C. M. McCay, Ross A. Gortner, Jr. (by invita- 


» The opinions nnil views set forth in tliis nbatroct nrc those 
of the writers and arc not to be considered n.sreflcctinR the policies 
of the Navy Department. 
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tion) and J. S. Rkstahski (by invitnlion). Naval 
Medical Research Inst., Nalional Naval Medical 
Center, Bethesda, Md. White rats allowed to ingest 
20 cc. daily of a common soft drink containing 10 
per cent sucrose and 0.055 per cent phosphoric acid, 
and having a pH of 2.0, c-vliibil gross destruction 
of the enamel on the molars within one week ; using 
a prepared solution of the same sugar and acid con- 
centration as the commercial beverage, similar re- 
sults have been obtained. The greatest dccalcifica- 
tion occurs on the lingual surfaccand no destruction 
takes place below the gingival margin, indicating 
that the action is direct rather than systemic. 

Comparable studies with young dogs receiving 
500 cc. daily of the sweetened acid solutions show 
that their deciduous teeth are similarly attacked. 

The inclusion of from 1 to 20 ppm. F (as sodium 
fluoride) in the sucrose-acid solution effectively 
decreases, but docs not prevent completely, the 
destruction of enamel in most of the animals 
studied. Within the limits tested, no differences 
have been noted in the protective action of differ- 
ent levels of fluorine. All evidence suggests that the 
fluorine acts directly on the enamel surface as the 
solution comes in contact with the teeth, possibly 
b}’ the formation of highly insoluble fluor-apatite 
or calcium fluoride. Photomicrographs of the en- 
amel surfaces show that in the presence of fluorine 
both the enamel rods and interprismatic substance 
are less affected by the acid. 

The necessity 'of fluorine in the diet. II. 
J. F. McClen’dok and Wm. C. Fostbb (by 
invitation). Hahnemann Medical College, Phila- 
delphia, and the Experimental Farm of J. F. 
McClendon. It was previously reported (Fed. 
Proc. 3 : 94, 1944) that rats (whose mother Avas on a 
loAv fluorine diet) lost practically all the crowns of 
the first and second molar teeth in 48 and 70 days, 
on a fluorine-free diet. We repeated this experiment 
on rats whose mother was on a high fluorine diet. 
After 56-70 days on the fluorine-free diet all molar 
teeth were carious but the caries were not so ex- 
tensive as in the previous experiment. This indi- 
cates that the fluorine content of the teeth at wean- 
ing reduces the rate of decay but not the initiation 
of caries. This fluorine-free diet was prepared from 
crops raised by hj'droponics : corn 16, corn sugar 30, 
corn oil 16, yeast 16, sunflower seeds 16, soy beans 
4, calcium citrate 1 and NaCl 1. Litter-mate con- 
,troIs, 70 daj's on a diet of the same composition of 
crops raised in soil, showed caries in only one third 
the molar teeth and the caries were not as large as 
(hose in rats on the fluorine-free diet. The growth 
rate of 125 rats receiving sodium fluoride or fluorap- 
atite (in addition to the low fluorine diet) aver- 
aged 15% higher than that of littcr-matc controls. 
Pats fed fluorapatitc (2 males, 5 females) bore and 
reared 4 litters in 6 months whereas the liltcr- 
matc controls on same low fluorine diet alone (3 


males, 5 females) had no litters. (Aided by tire 
Aluminum Co. of America). 

Significance of diet in familial periodic paraly- 
sis. Irvine MoQuarrie and Mildred R. Ziegler 
(by invitation). Dcpl. of Pediatrics, Vniv. of Min- 
nesota, Minneapolis. Because ingestion of glucose 
tends to provoke and potassium salts to relieve 
attacks of flaccid paralysis in persons afflicted ivitli 
this bizarre hereditary disorder, an attempt was 
made to ascertain the definitive r61e of diet in the 
genesis of spontaneously occurring paralytic epi- 
sodes. A scries of widely differing diets were given 
in succession to a 15 year old victim of the disease. 
With the free carbohydrate content ranging be- 
tween 5 and 378 gm. and the potassium between 
0.5 and 14.0 gm daily, it was found that the ratio 
between the two (CH/K) was much more impor- 
tant than the absolute amount of either constit- 
uent. With the patient on ordinary mixed diets 
witli restricted carbohydrate (75 to 285 gm. daily) 
or on whole milk diets with added sugar, critical 
ratios ranged between 68 and 55. Further increases 
in the amount of carbohydrate were found to lower 
the critical ratio. On high protein diets (3 gm./kg.) 
no attacks occurred, despite redubtion in K intake 
to 0.5 or 1.0 gram daily, until the CH/K was in- 
creased to 70. High fat (kctogenic) diets wore 
found to favor occurrence of attacks, even wlien the 
free-CH/K was as low as 10. When the calculated 
“total available glucose” of the diets ivas used 
for the ratio instead of preformed carbohydrate, 
the contrast between the effects of the last tivo 
diets Avas equally striking. Fasting caused tem- 
porary cessation of attacks. Increasing the water 
or NaCl intake had very little effect on genesis of 
paralytic attacks. 

Studies on forced feeding after burns." Frieda 
L. Meyer, William E. Abbott and John W. 
Hirshfeld (introduced by Arthur H. Smith). 
Depts. of Surgery and of Physiological Chemistry, 
Wayne Vniv. College of Medicine, Detroit. It has 
been demonstrated in patients and under more 
strictly controlled conditions in animals that a 
negative nitrogen balance exists after burns. 
Forced feeding in patients improved the state of 
nitrogen balance but the clinical condition Avas very 
poor. The same undesirable effects Avere produced 
in tAvo dogs force-fed a diet three times their con- 
trol diet in protein content and tAA-icc the caloric 
value. The animals’ condition AA-as such that one 
animal aa-us sacrificed on the 6th day, and the other 
on the 12th day post-burn. Blood studies shoAved a 
greater increase in plasma volume and decrease in 
hematocrit than aars found in the control animals. 
Both total protein and albumin concentration 
shoAAcd a decrease and in one dog the non-protein 


> Wort done under contract with the Office of SeienU6e R«- 
eearch and Development. 
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nitrogen was increased markedly. In an attempt to 
determine the cause of the undesirable effects, two 
dogs were fed a diet with the same nitrogen in- 
crease, but no increase in caloric value. These 
studies are still in progress. 

Effect of tocopherol phosphate on creatinuria in 
progressive muscular dystrophy. A. T. Milhorat. 
Depts. of Medicine and Psychiatry, Cornell Univ. 
Medical College, The Russell Sage Inst, of Path- 
ology and the New York Hospital. The water 
soluble disodium alpha-tocopherol phosphate given 
orally in single doses of from 1 to 5 gm. to 7 patients 
with progressive muscular dystrophy was without 
effect on the creatinuria of any of the subjects. On 
the other hand, effects on creatinuria were ob- 
served in certain of these subjects when tocopherol 
phosphate was administered intramuscularly in 
single doses of from 90 to 180 mg. In 2 patients the 
output of creatine was unchanged ; and in another 
the effect was questionable. In 1 subject the out- 
put of creatine was decreased from a spontaneous 
daily level of 700 mg. to 556 mg. for 1 day, and in 
another subject from 417 mg. to 350 mg. for 2 days. 
The amounts of, reduction were at least twice as 
great as the maximum spontaneous variations ob- 
served during periods of control. In another pa- 
tient who spontaneously excreted an average of 
190 mg. creatine daily (maximum variation = 
20 mg.) the daily amounts of creatine following 
the injection wore: 165, 125, 140, 146, 125, 147, 
204 mg. 

The observations are of significance in relation 
to our recent studies on the function of the gastro- 
intestinal tract in the utilization of tocopherol 
and on the nature of the defect of this function in 
progressive muscular dystrophy. 

Some studies on the microbiological method of 
vitamin determination. Mavis C. N ymok and Wil- 
ijs A. Gortner (introduced by L. A. Maynard). 
School of Nutrition, Cornell Univ., Ithaca, N. Y. 
These studies were undertaken to simplif}’’ and in- 
crease the reliability of the microbiological deter- 
mination of vitamins. 

Replacing cotton plugs with glass burette caps 
for the assay tubes was found to be very satisfac- 
tory. Identical results were obtained when the 
assay tubes were autoclaved 15 minutes at 15 
pounds. This eliminates preparation of cotton plugs 
and at the same time prevents any stiraulatorj' or 
inhibitory effect on the assay organism that may' 
be caused by particles of cotton (Sherwood and 
Singer, .1. Biol. Chem. 155: 361, 1944). 

Experience in this laboratory' and others has 
shown that when cultures of Lactobacillus arabino- 
sus 17-5 and L. casci e arc transferred to yeast 
glucose agar stabs at monthly' interi'als according 
to the recommendations of Snell and Wright (J. 
Biol. Chem. 139 : 675, 1941) there is a gradual 
departure in linearity' of response to added niacin 
or rilwffavin. By weekly transfer through nutrient- 


rich broth to liver tryptonc agar such degenerated 
cultures were improved greatly. For a L. arabino- 
sus 17-5 culture, for example, the maximum point 
of linear response was increased from 0.15 to over 
0.4 micrograms of niacin. 

As a means of securing greater reproducibility of 
standard curves, of obviating the frequent transfer 
of the culture organisms, and at the same time 
maintaining highly viable cultures, a simple lyo- 
phile procedure was applied to cultures of L. 
arahinosus 17-5 and L. casci e. The results of 
storage thus far have indicated that after three 
months’ storage at room temperature these cultures 
are fully as viable as the cultures carried by fre- 
quent transfer. Since these cultures are completely 
desiccated and arc sealed under high vacuum they 
presumably will maintain this activity for a much 
longer period. It should be feasible to lyophilize a 
6 months’ or year’s supply of cultures at one time. 
Further studies on this phase are being carried 
out. (Aided by a grant from the Consolidated Edi- 
son Co. of New York, Inc.) 

The inability of human or beef globin to support 
normal hemopoiesis in the rat without added 
isoleucine. J. M. Orten, A. U. Ortbn (by invita- 
tion) and J. E. Bourque (by invitation). Dept, 
of Physiological Chemistry, Wayne Univ. College 
of Medicine, Detroit. Previous work in this labora- 
tory has demonstrated that dried beef blood fed 
to rats as the source of protein fails to support nor- 
mal growth and hemoglobin formation. The present 
study was made to ascertain the growth and 
hemopoietic value of purified globin from human 
or beef blood. 

The globin preparations were incorporated in a 
synthetic diet at a 19.6 per cent level and fed to 
weanling rats. Complete vitamin supplements were 
supplied separately. Control animals were fed the 
same diet excepting that casein was used as the 
protein . 

Animals fed either human or beef globin failed 
to grow and within 4 weelis developed an anemia. 
All rats died within 6 wcelcs. Control rats re- 
mained normal in all respects. , 

At this time, reports indicated that isoleucine is 
present in hemoglobin in small amounts. There- 
fore, anemic rats fed human or beef globin for 4 
weeks were given 100 mg. dl-isoleucine daily as a 
supplement. Their food intake was restricted to the 
average daily amount ingested prior to supplemen- 
tation, to prevent an increase in food consumption 
which would have introduced a second variable. 

Every r.at showed a steady rise in hemoglobin to 
normal values within 4 weeks ; these were main- 
tained during a six-week period of supplementa- 
tion . 

Isolcucine supplementation was then discon- 
tinued and again an anemia developed and the 
animals died. 

These observations indicate that isolcucine, al- 
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thougli present in a relatively small amount in the 
hemoglobin molecule, is essential for normal 
hemopoiesis. 

Excretion of orally administered B-vitamins in 
health and disease. W. A. Pi;nnzAvi;iG, J. M. 
Ruffin' (by invitation) and IX C.wer (by invita- 
tion). Depis. of Blochcmislr!/ nnd Medicine, Duke 
University, Durham, N. C. Oral doses of 5 mg. 
thiamine, 5 mg. riboflavin and 50 mg. nicotinamide 
were given to C9 well fed, normal subjects, 85 am- 
bulatory dispensary patients and 69 hospitalized 
public ward patients. The patients were taken at 
random on admission. The urinary e.xcretion of 
'these vitamins in 2 hours was determined. The 
data arc summarized in the table and their sig- 
nificance will be discussed. The incidence of low 
e.xcretion x'alucs among patients presenting a 
variety of diseases was considerably greater than 
in the normal subjects. (This work was done in 
part under a contract with the Office of Scientific 
Research and Development; it was also aided by 
the Nutrition Foundation, the John and Mary R. 
Marklc Foundation and the Duke University Re- 
search Council.) 


2 HOURS’ EXCRETION TEST 
Lowest normal decile 


Subjects 

No. 

Kange 

Mean 

S.D. 

Range 

No. 

% 

Thiamine (5 me.) 



1 

7 


y 1 

1 

7 

1 


Kormals,... 

C9 

51-360 

146 d: 62 ' 

0-70 ' 

7 

10 

Dispens 

85 

^04 

129 ± 64 

0-70 

17 , 

20 

Ward 

69 

4-216 

56 ±44 

0-70 

51 1 

71 


RiboBavin (5 mg.) 


Normals.... 

69 

, 275-3510 

1376 ± 620 

0-500 

7 

1 

; 10 

Bispens 

82 

1 7&-2240 

! 1035 ± 568 

0*500 

27 

1 

Ward 

' 69 

1 22-1760 

' 712 ±502 

0-500 

30 

1 « 


Niacin, Fj (50 mg. amide) 





mg. 

mg. 

mg. 



Normals..., 

69 

1.9-S.5 

5.0± 1,5 , 

0-2.8 

7 1 

10 

Bispens 

73 

0. 8-7.9 

3.8± 1.6 

0-2.8 

20 

27 

Ward 

69 

0. 5-9.0 

3,<±1.7 

0-2.8 , 

33 



The utilization of iron from different foods by 
normal young rats. Ohrea F. Pye (by invitation) 
and Grace MacLeod. Nutrition Laby., Teachers 
College, Columbia Unit'., Neto York City. Weekly 
hemoglobin production and iron stored during a 
C-wcek period were studied in normjd young male 
rats On two series of diets varied in (1) source of 
iron (2) quantity of iron. When diets furnished 
daily 0.002 mg. iron per gram of body weight from 
different sources, liemoglobin production and 
iron retention were highest .and about the same on 
ferric chloride and whole wheat flour, and almost 
but not quite as high on beef liver. The iron of 
bed muscle, egg yolk, kale (uncooked and cooked) , 


and spinach (uncooked and cooked) was less well 
utilized; the differences among these foods were 
small. 

In the second series four diets were used each 
containing one third whole milk powder plus, in 
Diet I, two thirds whole wheat flour; in Diet II, 
one third whole wheat flour and one third unen- 
riched patent flour; in Diet III, two thirds unen- 
riched patent flour; while Diet IV was Diet III/ 
plus ferric chloride sufficient to make the iron 
content equal to'that of Diet I. The diets con- 
taining unenriched flour were supplemented with 
vitamins to keep vitamin levels equal in all diets. 
Hemoglobin formation and iron retention were 
higher than in the first series on Diets I and IV 
on which average intake was slightly above 0,002 
mg. iron pergr.im of body weight daily. On Diet II, 
daily iron intake averaging below 0.002 rog. per 
gram of body weight, hemoglobin formation and 
iron retention were only fair; and on Diet' III, 
intake averaging below 0.001 mg., losses in both 
hemoglobin level and iron content resulted. 

The vitamins required for normal reproduc- 
tion in rats. L. R. Richardson and A. G. Hogan. 
Dept, of Agricultural Chemistry, Univ. of Mis- 
souri. The ration is of the synthetic type and 
each 100 grams contains 2000 I. U. of vitamin A, 
283 I. U. of vitamin D, 2.5 mg. of alpha tocopherol, 
2.5 mg. of 2-mcthyl-l, I-naphthoquinone, 1 mg. 
each of thiamine, ribofl.avin and pyridoxine, 2.0 
mg. of calcium pantothenate, 200 mg. of choline, 

5 mg. of niacin, 100 mg. of inositol, 50 mg. of p-am- 
inobenzoic acid and 20 meg. of biotin. A total of 60 
litters from fcm.ales which received this ration has 
been observed. Seventy per cent of the Jitters and 
69.7 per cent of the young were weaned. When 
inositol was omitted from the vitamin mixture 44.3 
per cent of the young were weaned ; when niacin 
was omitted 60.4 per cent were weaned, and when 
p-aminobenzoic was omitted 75.8 per cent were 
weaned. The data so far are inconclusive as to the 
effect of omitting 2-mothyl-l, 4-naphthoquinone, 
choline or biotin. ^ 

The addition of 1 per cent of a fullers earth eluate 
of liver, which supplies vitamin Be and probably 
unrecognized vitamins, increased the percentage 
of young which was weaned to 83.4. A liver filtrate 
which contains only 0.3 micrograms of vitamin Be 
per gram is just as effective as the eluate, when 
supplied at a level of 5 per cent. It is concluded 
that an unrecognized nutrient is essential if female 
rats arc to wean the maximum number of young. 

The effects of added vitamin A on the conjunc- 
tiva, blood level and respiratory infection ab- 
sentee rate. Elizabeth Chant Robertson and 
A. Lloi-d Morgan (by invitation). Depts. of 
Paediatrics and Ophthalmology, Univ. of Toronto. 
Twenty’ pupil nurses, receiving 4,000 to over 12,000 
I.U. of vitamin A in their daily diet were given 
50,000 I.U. more per day. Twenty controls, closely 
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comparable as judged by conjunctival elevations 
and degree of transparency of their conjunctivae 
on slit-lamp examination were given placebos. 
Most were on therapy for 2 j^ears. 

Besides a detailed examination of the conjunc- 
tivae and the surrounding tissues with the naked 
eye, a large drawing of the slit-lamp view of the 
non-movable, deep conjunctival blood vessels, 
which are presumably attached to the outer surface 
of the sclera, was made on each subject every, two 
months. This required three-quarters of an hour 
for each patient. Any change in elevations, the 
number of the deep blood vessels and the ease 
with which they could be seen was observed and 
recorded. Even after two years’ therapy it was im- 
possible to differentiate between those receiving 
vitamin A therapy and the controls by slit-lamp 
examination. Life-size Kodachrome photographs 
taken every 6 months were of little value because 
of differences in color tone. Very little change was 
evident in the blood vitamin A level even after 
22 months of therapy. Forty-one per cent (7 
nurses) of those on therapy reported 15 respiratory 
infections and lost 109 days from duty because of 
themjsixty-fivepercentofthc controls (11 nurses) 
reported 24 respiratory infections and lost 198 
days from duty. 

“Relative” thiamin tolerance in normal and 
cancerous individuals. W. T. Salter and (by in- 
vitation) R. C. Roskelley. Labs, of Pharma- 
cology and Toxicology, Yale Univ., School of Medi- 
cine. An excess of thiamin was administered to 
fasting individuals and the rate of urinary excre- 
tion determined at hourly intervals thereafter. 
The “PAYF” fraction described by C. P. Rhoads 
was also studied. The ascending limb of the ex- 
cretion curve often readied a peak at three hours. 
Thereafter the excretion declined in approxi- 
matelj" semi -logarithmic fashion. From such data 
it is possible to derive estimates of the storage- 
reserve of free thiamin in various individuals. The 
value tends to decline with advancing years. 
Even so, some individuals appear to be relatively 
less capable of maintaining a concentration of free 
thiamin than others. A high percentage of can- 
cerous patients are thiamin deficient. Moreover, 
certain of those appear to show a relative deficiency 
when their tolerance to thiamin is tested. 

The effect of thyroxin on the vitamin A content 
of the liver of male and female albino rats. Myra 
M. Sampson* and MAnoAUET S. Hackford (by 
invitation). Smith College. Forty-eight male and 
twenty-four female albino rats of the Sprague- 
Dawley strain, given minimum amounts of vita- 
min A preceding and following weaning, were 
transferred at the age of 2G days to individu.al cages 
and fed an adequate diet supplemented daily with 
100 U.S.P. units of vitamin A. Thirty-two males 
and sixteen fem.ales were given daily by mouth 


1/lOth, 2/lOths or 3/lOths mgms. of thyroxin. 
The remaining sixteen males and eight females 
served as controls. Records were kept of the food 
intake and body weight of each animal. Thirty-one 
and fifty-two daj's after the beginning of the ex- 
periment rats from each group were killed and 
frozen immediately. Each liver was subsequently 
weighed, the vitamin A extracted, and the amount 
determined by means of the Carr-Price reaction 
with an Evelyn photoelectric colorimeter. 

The total vitamin A content and the amount 
per gram of liver was greater in females than in 
comparable males. The vitamin A content of rats 
which received thyroxin was lower than that of the 
controls but not proportional to the amount of 
thyroxin administered. The decrease in vitamin A 
content of the liver was more pronounced in the 
female than in the male at the end of the periods 
studied. The authors conclude that rats of both 
sexes given thyroxin between the ages of 26 and 78 
days require more vitamin A than corresponding 
controls and that females require more than males. 

The effect of manganese on liver tumor induc- 
tion by p-dimethylaminoazobenzene. George R. 
Shabpless. Dept, of Laboratories, Henry Ford 
Hospital, Detroit. In a study of some of the dietary 
factors which influence the formation of liver tu- 
mors in rats fed p-dimethylaminoazobenzene, it 
was observed that inclusion of the essential trace 
elements resulted in the appearance of tumors in 
a shorter time than when they were omitted from 
the salt mixture. Of the trace elements used (cop- 
per, manganese, cobalt, zinc, and iodine) man- 
ganese alone consistently reduced the tumor in- 
duction time. Tumors were palpable (confirmed 
later as hepatomas and adenocarcinomas by their 
rapid growth and by sections) in some animals as 
early" as the fourteenth week, whereas littermate 
controls with no manganese supplement required 
eighteen weeks for similar development. Two diets 
containing respectively" 6.5 and 10.5 per cent pro- 
tein were used. While two per cent manganous 
sulfate in the first diet was toxic when fed with 
p-dimethylaminoazobenzene, no acute toxic symp- 
toms were seen in animals fed the higher protein 
diet. The survival time was not significantly af- 
fected but the average tumor size was increased by 
manganese and metastascs were more common. 

Cirrhosis of the liver in rabbits from administra- 
tion of manganese salts has been reported. In the 
experiments here reported no cirrhosis has been 
obtained in rats fed manganese without p-di- 
mcthylamino-azobcnzcne. However, cirrhosis in 
various degrees appears to precede malignant 
changes. 

Dental caries in the cotton rat. James H. Sh.aw 
(by invitation), B. S. Sciiweigert (by invitation), 
P. II. Phillips and C. A. Elvkiijem. Dept, of 
Bio-chemistry, Univ. of Wisconsin, Madison. The 
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ootton rat has been shown to be highly suscep- 
tible to the develoi)mcnt of carious lesions. These 
lesions begin to develop deep in the occlusal 
fissures of the molars and do not. become visible 
from the occlusal surface until fracturing of the 
undermined cusps occurs. An e.xperimcntal period 
of 14 weeks after weaning was found to be optimum 
for observation and evaluation of the carious le- 
sions. When a ration adequate for growth, which 
contained 67% fructose, glucose, sucrose, maltose 
or dextri-maltose was fed, a high incidence of 
carious lesions was observed. However if a ration 
was fed in which the soluble sugar was replaced 
completely by de.xtrin, the incidence of carious 
lesions was greatly reduced. Particle size of the 
ration did not appear to play any part in the 
production of the lesions. The addition of 43, 85 
or 128 p.p.m. of fluorine as sodium fluoride to the 
sucrose basal ration gave progressively increasing 
reductions in caries incidence, however 210 p.p.m. 
were necessary to give the same reduction as was 
obsen-ed when sucrose was replaced completely 
by de.xtrin. When cotton rats were fed only min- 
eralized milk or mineralized milk plus liver, there 
was a complete prevention of carious lesions. A 
similar effect could be produced by the isocaloric 
replacement of 45 parts of the sucrose in the basal 
ration by 20 parts of lard ; however the replacement 
of 50 parts of the sucrose by de.xtrin produced only 
a slight reduction in the caries incidence. A defi- 
nite familial variation in susceptibility to the 
formation of carious lesions was observed. 

Phytase activity and the availability of soybean 
oil meal phosphorus. Robert R. Scitzer and 
P.XCL H. Philups. Vniv. of Wisconsin, Madison. 
In a study of the availability of soybean oil meal 
phosphorus it has been found that the phosphorus 
was completely available for the rat. Since it has 
been reported that 40 to 80% of soybean phosphorus 
is present in the form of phytin phosphorus and 
that the enzyme phytase must be present in phytin 
containing rations before this bound phosphorus 
can be utilized by the animal organism, the pres- 
ence of a phytin splitting enzyme was sought. 

A method for the measurement of phytase activ- 
ity was’ developed. Since heating the entire ration 
at 98°C. for 48 hours had no effect on the avail- 
ability of the soybean oil meal phosphorus, it is 
concluded that little or no phytase is present in 
soybean oil meal and that the availability of the 
phosphorus could not be attributed to the presence 
of this enzyme in the ration. Further investigation 
showed that phytase was present in the intestinal 
Wall of the rat. Extension of these studies to other 
species has shown in a preliminary’ surv’ey that 
phytase was present in the rumen and the in- 
Icstinal wall of the bovine, and in the intestinal 
contents of the pig but not in the intestinal wall of 
this species. 


Evidence has been obtained which indicates 
that the protein of soybean oil meal when fed at a 
14% level and properly supplemented with vita- 
mins or vitamin like factors was slightly superior 
for growth in comparison to an equivalent amount 
of the protein casein. 

Dried yeast as sources of protein for growth and 
reproduction. Baievett Sure. Dcpi.of Agricultural 
Chemistry, Univ. of Arkansas, Fayetteville. The 
results of three months study on a dried brewers’ 
yeast and a dried cultured yeast as sources of pro- 
tein show very good growth on 9% and excellent 
growth on 13% and 18% planes of protein intake 
without supplementation of any amino acids. 
To-date 12 litters of 103 young were born, averaging 
8.6 young to the litter. The young born were 
vigorous, the majority of which had milk in their 
stomachs at birth. Work is proceeding on lactation. 

Four more strains of cultured yeasts are being 
studied at 13 and 18 to 20% planes of protein intake. 
Excellent growth has so far been obtained during an 
8 week period of study without any amino acid 
supplementation. 

The above results indicate the possible beneficial 
use of certain strains of dried yeasts for human 
nutrition to help meet the protein shortage in Eu- 
rope and Asia. 

The evaluation of (he carotene content of fresh 
and cooked spinach. Marion A. Wharton (by 
invitation), Theema Porter and Bernice Bol- 
linger (by invitation). Dept. 6f Foods and Nutri- 
tion, School of Home Economics, Michigan Stale 
College, East Lansing. The National Cooperative 
project on the conservation of the nutritive value 
of foods recommended that nutritive values bo 
expressed per gram of dry weight for both fresh 
and processed foods to facilitate the comparison of 
losses and gains from various treatments. It has 
been found in this laboratory and in others, that 
certain vegetables, after cooking, have more caro- 
tene per 100 grams dry weight than the correspond- 
ing fresh vegetables. The purpose of this study was 
to investigate the possible causes of this discrep- 
ancy. 

Fresh spinach, purchased at the local market, 
was analyzed for carotene and moisture as were 
their corresponding samples cooked in the follow- 
ing ways; 400 grams in 800 ml. of boiling water 
(both drained on a collandcr and drained by suc- 
tion on a Buechner funnel); small portions in 
cheesecloth, perforated parchment and parchment 
ba^ cooked with the large sample ; and also small 
samples cooked in water or sealed pliofilm bags. 

Carotene, calculated as mgms. per 100 grams 
dry weight, was 30 per cent higher in the cooked 
than in the raw sample but calculated on the raw 
weight basis, the cooked and raw values were 
similar. The apparent increase was due to the dif- 
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ference in the solid contents of the fresh and 
cooked products. 

A linear relationship was found between the 
carotene content of fresh and cooked vegetables. 
Constants calculated on both the moist and dr 3 ' 
weight basis permit the evaluation of the carotene 
content of the cooked vegetable in relation to its 
corresponding fresh value. 

Biological efficiency of egg proteins. Wanda 
W iLLMAN (by invitation), Pearl P. Swanson, 
G. F. Stewart (by invitation), Gladys T. Ste- 
venson (by invitation) and Miriam Brush (by 
invitation). The Niitrilion Laby., The Foods and 
Nutrilion Depl., Iowa Stale College, Ames. Un- 
expected depression in the excretion of nitrogen, 
creatinine, and phosphorous in the urine of 
rats during the period of protein-feeding in experi- 
ments designed to test the biological value of 
various samples of dried egg proteins have given 
rise to interesting speculation regarding the nature 
of protein metabolism and to a new viewpoint re- 
garding the biological efficiency of egg proteins. 
It seems that egg proteins supply nitrogenous 
metabolites that are more efficiently utilized than 
those arising in the catabolism of body tissues co- 
incident with existence on a protein-free diet. 

The average decreases (mg. per 7-day collection 
period) observed in the urinar}' nitrogen excreted 
by groups of 12-15 rats following the incorporation 
of 3.5 per cent of protein in the nitrogen-poor diet 
were: fresh eggs, 05; fresh dried whole eggs, 102; 
dried whole eggs stored 3, G, and 12 months, 98, 100, 
and 83 respectively; dried egg j'olk, 102; dried egg 
white, 130; and nitrogen as the essential amino 
acids, 72. “Biological efficiencies” were, respec- 
tively; 109, 104, 112, 109, 111, 129', and 116. An 
cquiviilent quantity of pork muscle caused an 
increase of 34 mg. in the output of urinary nitro- 
gen, its biological efficiency being 83. Corroberative 
tests studying utilization of excised rat muscle 
protein and rat liver protein are in progress, as 
are analyses of certain low-quality proteins. 

The findings have been of particular significance 
in research going forward under the auspices of the 
army in the improvement of the life raft ration. 

Effect of diethyl choline on the utilization of 
labile methyl groups by the rat. Richard J. 
WiNZLER and Viroinia Hardwick (introduced 
bj' II. .1. Deuel, Jr.). Dept, of Biochemistry, Unit), 
of Sotilhcrn California, Medical School, Los An- 
geles. In the course of studies on the ability of 
certain methylated compounds to act as sources 
for labile methyl groups, Moj-er and duVigneaud 
(J. Biol. Chem. 143, 373 (1942)) observed that 
diethylmcthylhydroxj'cthyl-ammonium chloride, 
the diethyl analogue of choline (diethyl choline), 
was highly toxic to rats on a methioninc-frec diet 


containing homocyst inc. Previously Dyer (J. 
Biol. Cliom. 124, 519 (1938)) had observed that 
cthionine, the ethyl analogue of methionine, was 
toxic to rats on a diet low in the sulfur containing 
amino acids. Tlicse observations prompted us to 
investigate the possibility that diethyl choline 
acts as a competitive analogue of choline, pre- 
venting the proper utilization of Labile methyl 
groups. 

Albino rats were placed on diets containing 18% 
arachin (a protein containing onlj' 0.5 per cent 
methionine) 55% cerelose, 15% lard, 5% cod liver 
oil, 0.8 per cent homocj'stine and adequate amounts 
of salts and crystalline vitamins, but lacking in 
choline. These rats were supplemented with 25 
mg. per day of choline, diethyl choline, or methio- 
nine and with various combinations of these. The 
growth rates were followed for two weeks and then 
the fat content of the livers was determined. 

In agreement with Moyer and duVigneaud and 
with Welch (J. Biol. Chem. 137, 173 (1941)) it was 
found that animals failed to grow on a low-methio- 
nine diet containing homocystine unless choline 
or methionine were added. Supplements of diethyl 
choline (25 mg./day) did not permit growth on this 
diet, nor did it show evidences of toxic effects 
either alone or with added choline or methionine. 

The occurrence of the new nutritive essential, 
strepogenin, in certain crystalline proteins. D. 
W. Woolley and Herbert Strince* (by invita- 
tion). Labs, of the Rockefeller Inst, for Medical 
Research, New York, N. F. Strepogenin is the term 
used to designate an unidentified nutritive essen- 
tial which has been found necessary for the growth 
of certain hemoljdic streptococci, and for the early 
growth of several other species of bacteria. In the 
present investigations, Lactobacilhis casci was em- 
ployed as the test organism in accordance with the 
procedure described previously. Following earlier 
observations that partial hydrolysates of casein 
contained this factor, enzymic digests of several 
pure proteins have been examined for strepogenin 
activity. If a crude concentrate derived from liver 
was given a potency of 1, suitable tryptic digests 
of crystalline insulin had activity of approximately 
40, that is, the insulin digests were about 40 times 
as active as the liver concentrate on a weight basis. 
Digests of cry'stallinc trypsinogen showed a po- 
tency' of 20, crystalline try'psin 13, crystalline 
ciiymotrypsinogen 2, crystalline chymotrypsin IG, 
crystalline ribonuclease 10, vitamin-free casein 
5, salmine 0, egg white 0.1. The rate of liberation 
of strepogenin activity from these various proteins 
varied from one compound to another. It was most 
rapid in the cases of trypsinogen and trypsin, but 
for some of the other proteins m.aximnl activity 


* Fellow of the Nutrilion Foundation. 
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loma venereum. Marion E. Howard, Olive Rat 
Benham (by invitation) and Earle K. Borman 
(by invitation). Depi. of Internal Medicine, Vale 
Univ. School of Medicine, New Haven, Conn, and 
State Dept, of Health, Hartford, Conn. Comple- 
ment fixation tests^ for lymphogranuloma ve- 
nereum were performed on ISO sera from persons 
who were skin tested with human Frei antigen. 
The results may be tabulated as follows : 


No. 

Skin reaction intra- 
dermal Frei antigen 

Lymphogranuloma 
complement fixation 

59 

++++ 

-b-f-b-t- 

50 

0 

0 

17 

-H— bd- 

0 

24 

0 

-b-b+-b 

150 

76 

83 


There was complete agreement between the 
results of the intradermal and complement fixation 
tests in 109 of the 150 sera tested or in 70.3 per cent. 
59 of those with positive skin reactions gave posi- 
tive complement fixation tests though there was no 
correlation among the size of the skin reactions, 
the clinical findings and the complement fixing 
titer. 50 giving no response to the intradermal in- 
jection of Frei antigen likewise gave no evidence of 
complement fixing antibodies in the serum. 

Seventeen sera from Frei positive individuals 
failed to show any evidence of complement fixation 
for lymphogranuloma venereum. In most instances 
there was a history suggesting infection with 
lymphogranuloma venereum in the remote past. 
The absence of complement fixing antibodies might 
be interpreted to mean that the infection was 
burned out as there was no clinical evidence of in- 
fection at the time the tests were made ; skin sensi- 
tivity alone remained. This explanation would be 
valid were it not for studies in a patient not in- 
cluded in this group with active lymphogranuloma 
venereum (virus isolated from the lesion) who 
failed to show complement fixing antibodies in 2 
of 3 sera collected over a 3 year period, and only 
±± in a 1:2.5 dilution in a third. Frei tests were 
always strongly positive in this patient. 

There were 24 sera giving positive complement 
fixation tests from patients whose skin tests were 
negative. Among these were 7 patients with other 
venereal diseases in whom infection with lympho- 


* The antigen used ■v.ns Jygranum CF supplied by Squibb & 
Sons. 


granuloma might be suspected although no clinical 
evidence of it was apparent. The remaining 17 
gave no history or clinical findings suggestive of 
venereal infection and the serological tests for 
syphilis were negative. Among these were 11 cases 
of cirrhosis of the liver, 1 of infectious hepatitis, 
1 with arthritis and pyelonephritis and 4 with pri- 
mary atypical pneumonia with positive cold agglu- 
tinins in 2. The complement fixation test for 
lymphogranuloma venereum became normal with 
recovery and the disappearance of demonstrable 
cold agglutinins in one of these. It would seem from 
these data that further studj^ is required for a 
proper evaluation of the complement fixation test 
as a diagnostic measure of infection with lympho- 
granuloma venereum. 

Selective inhibitory action of tuberculo-carbo- 
hydrate and phosphatide on cellular cathepsins 
from tuberculous tissues. Charles Weiss' and 
Nellie Halliday.^ Research Labs, of the Mount 
Zion Hospital, San Francisco, Calif. Several 
investigators, including Moen, have suggested that 
the specific toxic action of tuberculin upon hyper- 
sensitive tissues is probably not the result of an 
antigen-antibody reaction. Our data tend to sup- 
port this viewpoint. We have observed a selective 
inhibitory action of tuberculo-carbohydrate and 
tuberculo-phosphatide upon endocellular enzj'mes 
(Cathepsin II) derived from tissues of animals' 
infected with tubercle bacilli. On this basis the 
following enzymological explanation is proposed *- 
Since cathepsin is the enzyme which is concerned 
with the processes of cellular growth and repair, 
inhibition thereof leads to injury'' of the cells. 
Tuberculin is more toxic for tuberculous than for 
normal cells in tissue culture because two of its 
important constituents (phosphatide and carbo- 
hydrate) exert a selective inhibitory' action upon 
the proteinases of the former. 

Our observations may also throw light on the 
mechanism of caseation and softening. As pointed 
out by Jobling and Petersen, “Caseation in tuber- 
culosis is a form of coagulation necrosis in which the 
dead tissues rarely undergo autolysis, except ns a. 
result of secondary infection”. It is quite likely,, 
therefore, that inhibition of autolysis is accom- 
plished by the carbohy'drate and phosphatide frac- 
tions of the tubercle bacilli. 


> Present address: Laboratories, Jewish Hosiiital, Pliila- 
delphia. 

• Present address: Dep’t. Pediatrics, Univ. of California, 
San Francisco. 
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Cellulose, methyl, physiological effects of 112 

Cellulose, oxidized, properties of 93 

Centrifugal force, effect of, on man . 29 

Choline, determination of ! 104 

Choline, diethyl, and utilization of methyl groups ! . 164 

Choline esterase in nerve, specificity of . , 101 

Choline, nutritional effects of I57 

Cholinergic, anti-, action 44 

Cholinesterase of numan erythrocytes .... 113 

Chromosin, particles of, in solution 105 

Chromosin, rheological properties of 106 

Concussion and retention of learning G 

Consciousness blackout in aviators ' ' ' ' 43 

Convulsant drugs and 0: concentration ! 139 

Cumar, chronic toxicity of 136 

Cumene, metabolism of 116 

Cyclohe.xyl-methylaminc, sympathomimetic action of . 46 


D 


DDT, detection of II3 

DDT, effect of, on protozoa 112 

DDT, metabolism of , . . , . 132 

Decompression, altitude, and bubble formation 13 

Decompression, explosive . . . 69 

Decompression sickncs.s, recurrence of 59 

Dehvdration due to heat . . 1 

Dental caries, fluorapalitc 11 in prevention of 50 

Q cntal caries in cotton rat . . 162 

Desoxycorticosteronc, ab'^orption of ... .123 

Desoc.vcorticostcrone, heart weight after adrenalectomy and 22 

Diabetes, aggravation of, by infections 49 

Diabetes, glucose and fructose diet in 152 

Dialietes, p.ancreatic, in the calf .... 15 

Diaf>etic response to alloxan, autonomic nervous system and 64 
Dibuloline, pharmacology of — — IIS 

Dicumarol, antibacterial properties of jog 

Dicumarol fed mother and prothrombin of pups 101 

Diet chance from ivTor to good, and rebated changes 151 


Diet, deficient, and wrist stiffness 3 

Dietary chloride deficiency e 

Diethylstilbcstrol, fate of 13 

Digitalis action, cumulative distribution curve of 11 

Digitalis and blood coagulation time 132, 13 

Digoxin, dissipation of, in man 11 

Dimeth.vl-benzyl in mosquito control 13 

Diraethylethj'lenediamine, protective action of, in anaphy- 
laxis 14 

Dimethylethylencdiamine, antihistaminic action of 14: 

Dimcthylethylencdiaminc, toxicity of .' 131 

Diuresis in adrenalectomized rats 3'. 

Dyes, brilliant vital red and T-1S24, comparison of 1( 


E 

Ear, tonal interference in cochlea of -If 

Electrocardiogram after coronary air embolism If 

Electrocardiogram and nutritional condition • 6; 

Electroencephalogram and autonomic function . It 

Electroencephalogram, improvement of, by atropine.. 1C 

Electroencephalogram, spontaneous, and cortical stimula- 
tion. 72 

Enx-ironmental heat and ability to xvork 61 

Environmental heat gain in hot humid climate 52 

Enzyme inhibitors from liver 121 

Enzyme of chicken pancreas producing strep, faecalis X factor 99 
Enzyme, phosphatase-containing, of yeast and wheat em- 
bryo " 107 

Enzyme transphospliorylation 100 

Enzymes producing strep, faecalis R stimulating factor 97 

Enzymes, transaminating, isolation of 06 

Ephedrine, vasodilating action of HO 

Ergotamine and yohimbine, blood pressure and 104 

Estrogen-sodium deliydrocholate 10 

Estrogens as bone marrow depressants Hf 

Estrogens, synthetic 107 

Excretion of ^-ketosteroid 02 

Excretion of B-vitamins 161 

Excretion of morphine 00 

Excretion of pyrimidine and thiamin, . Oa 

E.xereisc, pulse reactions to “9 

Eye, dark adaptation of, in air pilots 

Eye retina relation to vestibule-ocular reflex arc 67 
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Fat Butoxidation, catalytic activity of iron in... 

Fatigue effects in absorption 

Fatigue, occupational, palmar skin resistance in 

Fats, nutritive value of 

Fatty acid content of dried eggs 

Fatty' acid utilization, tocopherol and 

Fish, nutritive x*alue of 

Fluoride and in vivo tooth decalcification 

Fluoride in diet, need of 


97 

SO 

62 

152 

95 

166 

163 

158 

159' 
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Gas exchange, inert, f. actors in. . 

(jllutaraic acid, chemical determination of 

Glutamic and aspartic acids, toxicity of 

Cilycine, synthesis of 

Glycol, diethylene, feeding ns cause of bladder stones and 

tumors. 

Growth-promoting x alue of proteins 


52 

lOS 

13S 

103 

149 

155 
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Heart, ejection curve of 

Heart, innervation of 

Heart, intrnmyocardial pressure in 

Heart, nervous control of .- 

Heart, out]: ' ' . xygen 

Heart rcsiio 

Heart size, 

Heart tissue cultures, immune serum and 

Heat gains b.v man in the desert 

Heat tolerance 

High oxygen tension and COz production by muscle. . . 

Histamine, antagonism of, to benadryl 

Histamine, cardiovascular response to 

Histamine sensitivity and ultraviolet irradiation 

Histamine, sympathomimetic activity of 

Human centrifuge 

Human centrifuge and reaction to acceleration 

Human centrifuge operation 

Humoral control of Brunner's glands 

Hydrochlorides and pain tiiresholds 15 

Hypertension, human renal, structure of glomerulus in 

Hypertension, marine oils and reduction of 

Hypertension, renal, and renal extracts 

Hyiiertension, renal, effect of marine oils on 

Hypertension, renal, prophylaxis of, by renal extracts 

Hyjicrtcnsion, renal, treatment of, with hog renal extracts. 

Hypertension, renal, treatment of, with renal extracts 

Hypnotics and action of insulin 

Hypophysis, ncuro-, and NaCl administr.afion — 

Hypothalmic lesion.® and eating habits 
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Riboflavin, excretion of IS3 

Ribonate, calcium, effect of, after parathyroidectomy 14S 

Rickets, experimental, in pigsl 156 

S 

Seasickness, equilibrium and susceptibility to 7 

Secretions of pancreas and liver, intestinal extracts and — 21 

Sensory effects of centrifugal force in seated man 48 

Serine, toxicity of 81 

Serum phosphatase, ion effect on, in liver disease 17 

Sex hormone therapy in male castrate 14 

Shock, afferent nervous factor in 54 

Shock, electric, and concussion, histology of brain in 42 

Shook, electro-, seizures, excitation constants for 72 

Shook, hemorrhagic, alkaline therapy in 36 

Shock, hemorrhagic and traumatic, blood volume and mor- 

talitj' in . 75 

Shock, hemorrhagic, plasma substitute in 76 

Shock, hemorrhagic, therapy of 2 

Shock, ischemic compression, toxic factor in 26 

Shock, permeability of muscle to phosphates in 145 

Shock, traumatic, fluorescein circulation time in 55 

Shock, traumatic, O; content of venous blood in 121 

Skin, healing index of 5 

Spasmodic, anti-, esters, effects of 138 

Spasmoljdic agents from guinea-pig lung 117 

Starch, wheat, behavior of, with pancreatic enzymes . . . . 102 

Starvation and energy conversion 15S 

Steroids, anticonvulsant effects of 67 

Steroids, urinary, of adrenal disease 98 

Sfomach, emptying, food and 68 

Stomach emptying time, glucose and. 54 

Stomach secretion and motility, arterial acetylcholine and 167 
Stomach secretion and potential, electrical stimulation and 58 

Stomach secretions and gastric antacids 114 

Stomach ulcers and protein deficient diet 146 

Strepogenin in crystalline proteins 164 

Strophanthin, potency of 139 

Sulfadiazine derivatives, pharmacology of 138 

Sulfadiazine renal obstruction, treatment of . . . . 127 

Sulfanilamide acetylation 97 

Sulfanilamide, onset of rigidity and . . . 125 

Sulfanilamide, aminohippuric acid and bacteriostatic action 

of . . .... 130 

Sulfathiazole penetration into cerebrospinal fluid 132 

Sulfathiazole, sodium citrate and. 84 

Sulfonamide action on central nervous system 130 

Sulfonamide crystals, prevention of renal obstruction by . . 127 

Sulfonamides and dark adaptation 135 

Sulfonamides, diet and toxicity of 117 

Sulfonamides, vitamin K activity of 118 

Sulpha drugs and electrocardiogram 28 

Sunburn, protection against , ... 8 

Sweat, secretion and evaporation in cold we.ather 7 

Sympathectomy and temperature of hands and feet 01 

Synovial fluid, properties of 38 
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Teeth, in vivo decalcification of 154 


Testosterone, as.say of 125 

Testosterone, tolerance to intravenous 95 

Thiamine deficiency 146 

Thiamine deficiency, chronic 155 

Thiamine-frce high-protein diets 153 

Thiamine, simplified tests for 94 

Thiamine tolerance in cancerous conditions 162 

Thiouraci! and metabolism .. 4 

Thiouracil and oxydase of thyroid 55 

Thiouracil and thyroidectomy, water exchange and growth 

after 25 

Thiour.acil, effect of, on adrenal and liver S3 

Thiouracil, thiocyanate and thyroid metabolism 134 

Thiouracil treatment and thyroid glands 147 

Thiourea absorption from ointments 142 

Thrombosis, blood stasis in production of 52 

Thrombosis, effect of heparin and dicoumarol on 52 

Tissue extracts, healing pou'cr of ^ 

Tissues, pH of . . . 3S 

Tocopherol and ereatinuria in muscular dystrophy 169 

Tonila histolytica infection of rabbit eye 151 
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The following abslrnct was inadvertently omitted from those of the American Physio- 


logical Society in the March issue. — ^Ed. 

On the mechanism of platelet agglutination. 
Alfred L. CorLEY (introduced by W. II. Howell) 
and Ralph B. Houlihan. Depts. of Surgery and 
Bacteriology, Univ. of Virginia School of Medicine, 
Charloltcsvillc. We developed a macroscopic plate- 
let agglutination method to test (he agglutinabil- 
ity of various platelet suspensions and substances 
effecting platelet agglutination. The development 
of this agglutination method was made possible 
with our method of isolating platelets from whole 
blood made incoagiflable by the addition of sodium 
citrate, magnesium sulfate, sodium o,\atate, hep- 
arin, or by dilutions of blood with 10 to 15 volumes 
of physiologic saline (Copley and Houlihan, Sci- 
ence, 1944, 100: 605). These platelet suspensions, 
thoroughly washed free of red cells, white cells 
and plasma, were dispersed and stable in saline. 

• * The products of plasma fractionation employed 
in this work were developed from blood, collected 
by the American Red Cross, by the Department of 
Physical Chemistry, Harvard Medical School, 
Boston, Massachusetts, under contract recom- 
mended by the Committee on Mcdic.al Research, 
between the Office of Scientific Research and 
Development and Harvard University. 


CORRECTION OF ERRORS IN 

Page 4. T. C. Barnes and R. Beutner. This 
abstract was repeated by mistake on page 5 {The 
healing index of human skin determined by an elec- 
trical method, T. C. Barnes). The latter w.as sub- 
mitted as a revised version of the first abstract. 

Pago 5. T. C. Barnes and E. Beutner. At (he 
end of the first paragraph at the top of the second 
column add the phrase: “on addition of 0.05% 
acetylcholine.” 

Page 10. Paul C. Bucy. Correct title to read: 
"Abolition of tremor by removal of area 4y.” 

Page 43. E. M. Landis, E. D. Thomas and J. E. 
Hood. Last paragra|)h, top of p. 44, lines 2 and 5, 
correct word “hypertension” to read “hyper- 
Icnsin." 

Page 50. J. F. McClendon. Tenth line of second 
paragraph. Correct sentence beginning “If a 
aormal . . to read: “If a normal segment and an 
insido-out segment are out longitudinally the 
motor activities of the two arc the same.” The 
following sentence should then read: “If a cut 
segment is sewed up its activity returns t o the level 
before cutting.” 

Page 51. A. T, Miller, Jr. The sentence begin- 
nmg; Plasma %'olumcs at these sampliirg 
bmes . . dim; 12 , p. 52) should read : “(5) Plasma 


The agglutination method was standardized since 
time and temperature of incubation and the 
concentration of phalelcts in suspension afTocted 
the intensity of agglutination. 

Platelets obtained from different blood-anti- 
coagulant systems of humans and dogs varied in 
their agglutinability as did platelets from different 
humans or animals. A platelet suspension from one 
subject showed significant variations in the degree 
of agglutinability when tested with plasmas and 
sera from different subjects. Agglutination of 
platelets was obtained with purified globulin 
fractions (Harvard'), purified prothrombin and 
thrombin (Seegers and Harvard'), placental tissue 
juice, .and, interestingly, plasma containing hep- 
arin in high concentrations. Crystalline and crude 
albumins (Harvard') agglutinated platelets either 
slightly or not at all. However, purified fibrinogen 
(Harvard'), and placental and plasmatic thrombo- 
pkastic substances prepared according to Copley 
(Science, 1945, 101: 430) never caused agglutina- 
tion. Our studies indicate that the agglutination of 
platelets is not brought about by fibrin formation 
and that the two processes are governed by differ- 
ent mechanisms. 


LAST (MARCH, 1945) ISSUE 

volumes at these sampling times (PVh) arc calcu- 
lated from the formula PVh = Ds/Dh X PVh, 
W'here Db = dye concentration of the sample, 
Ds = dye concentration on the reference disap- 
pearance curve at the corresponding time and 
PVn = reduced plasma volume . . 

Page 104. Albert E. Sobel and Harold Werbin. 

(1) In paragr,aph 2 line 3 of 1710 should read 
L}?„ of 13S5. 

Icm- 

(2) In paragraph 2 line 6 Ejf,„ of 1240 should read 
L|%,ofl010. 

Page 105. M. Spiegel-Adolf and E. Spiegel. In 
the first sentence the “and” after the word “con- 
vulsions” should be "end” so that the last clause 
of the sentence reads: “before the convulsions end 
absorption only." 

Page 161. W. A. Perlzweig, J. M. Ruffin .and 
D. Caj-er. The sub-heading of the table, “Lowest 
normal deeilc,” should be moved to the extreme 
right so as to cover the last three columns only, 
the table heading thus arranged: 


2 HOURS’ EXCRETION TEST 







Lowest nornial decile 

Subjects 

No. 

Range 

Mean 

SJ). 







Range] Xo. j % 
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INTERIM REPORTS SUBMITTED BY THE SECRETARIES OF 
THE CONSTITUENT SOCIETIES 

THE AMERICAN SOCIETY OF BIOLOGICAL CHEMISTS, INCORPORATED 


Officers and Cojimittees 

Officers for Ihc Year 1945-46; President, A. B. 
Hastings; Vice-President, H. T. Clarke; Secre- 
tary, A. K. Balls; Treasurer, W. C. Stadie. Addi- 
tional Members of the Council: R. J. Anderson 
(for the term 1943-46); V. du Vigneaud (for the 
term 1944-47); C. F. Cori (for the term 1945-48). 
Nominating Committee; C. A. Elvehjem (Chair- 
man), W. C. Rose, E. A. Evans, C. G. King, D. D. 
Van Slyke, E. G. Ball, M. Hcidelberger, J. M. 
Luck, R. R. Williams. 

Editorial Committee (for the term 1941-47) W. R. 
Bloor, H. A. Mattill, C. L. A. Schmidt; (for the 


term 1943-49) H. D. Dakin, J. M. Luck, D. W. 
Wilson; (for the term 1945-51) A. N. Richards, 
P. A.- Shaffer (Chairman), V. du Vigneaud. 

Representatives to the National Research Council: 
Division of Medical Sciences, H. B. Lewis 
(1945-48); Division of Biology and Agriculture, 
G. 0. Burr (1945-48). 

Representatives on the Council of the American 
Association for the Advancement of Science: P. A. 
Shaffer, V. du Vigneaud. * 

Representative on the Control Committee of the 
Federation Proceedings: C. G. King. 

AnNoim Kent Balds 
Secretary 


THE AMERICAN SOCIETY FOR PHARMACOLOGY AND 
EXPERIMENTAL THERAPEUTICS, INC. 


ABSTRACT OF CDUNOIL PROCEEDINGS 
1944-45 

May 1944: The results of the by-mail election 
were as follows: 

1. Officers: President, Erwin E. Nelson; Vice- 
President, Charles M. Gruber; Treasurer, 
McKcen Cattell; Secretary, Raymond N. 
Bieter; Councilors, Harrj^ Beckman and Nathan 
B. Eddj"; Editor, George B. Wallace; Member- 
ship Committee, Carl A. Dragstedt and Carl F. 
Schmidt; Nominating Committee, Herbert O. 
Calvcry, Arthur C. De Graff, .James M. Dille, 
Benjamin H. Robbins, Frederick F. Yonkm.an. 

2. New Members: O. W. Barlow, Allan D. Bass, 
T. .1. Becker, Karl 11. Beyer, C. I. Bliss, H. F. 
Chase, Graham Chen, S. C. Cullen, E. .1. 
dc Beer, R. H. K. Foster, Nicholas Fugo, W. M. 
Govicr, E. Ross Hart, L. W. Hazelton, S. Krop, 
W. S. Lawrence, E. L. McCawley, R. Mendez, 
Waller Model!, Gordon K. Moe, James Morri- 
son, Ernst Oppenheimer, O. S. Orth, E. Roven- 
stine, F. E. Shideman, R. B. Smith, G. W. 
Stavr.akj’, M. R . Thompson, Clara Torda, Klaus 
Unna, .1. A. Wells, A. Wiklcr, Edwin G. Wil- 
liams. 

During the ensuing nine months plans were made 
to hold the Annual Meeting in Cleveland, Ohio, 
May 0-8, 1945. These plans were abruptly Icr- 
minated by tlie ruling of the Office of Defense 
Transportation which denied the application of 
The Federation to hohl this meeting. 

September 1944: The Treasurer, Dr. McKcen 


Cattell, was instructed to send Dr. Hooker, Fed- 
eration Secretary -Treasurer a check for $307.00 
($1. per member) for the Federation Proceedings. 

February 1945: In lieu of an Annual Meeting 
abstracts were collected and published in the 
Federation Proceedings. 

May 1945: The Council voted to hold a Council 
Meeting in Cleveland, Ohio on June 10, 1945 to 
conduct the necessary affairs of the Society. A 
notice was sent to the members on May 19, 1945 
informing them of this meeting. This notice also 
included the names of 31 Proposals for Mem- 
bership. 

ABSTRACT OF COUNCIL MEETING 
JUNE 10, 1945 

The meeting was called to order by the President 
in the Libra r}' of the Department of Pharmacology 
of the Western Reserve University School of Medi- 
cine at 10 A.M. Those present were: E. E. Nelson, 
President; Charles M. Gruber, Vice-President; 
McKcen Cattell, Treasurer; Harry Beckman, 
Councilor; Nathan B. Eddy, Councilor; II. B- 
Haag, Chairman, hicmbership Committee; Ray- 
mond N. Bieter, Secretary. 

The reading of the minutes was dispensed with 
since they were approved by last year’s Council. 

The Secretary read Ihc abstracts of the Council 
Proceedings for 1914-45. Those were approved for , 
I»ublicalion in the Federation Proceedings to- 
gether with this abstract of the Council Meeting. 
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licporls received, read and accepted. In each in- 
stance it was voted to instruct tl»e Secretarj' to 
file the complete report. 

1. Report of Dr. ToniUl Sollmann, Society 
Representative, on the meeting of the Union of 
American Biological Societies in December 1944 in 
Cleveland. 

2. Report of The Journal Editor, Dr. George B. 
Wallace. 

3. Report of the Treasurer, Dr. McKeen Cattell. 
The President appointed Drs. H. B. Haag and 
Arnold Welch auditors. The auditors approved 
the report. 

4. Report of the Membership Committee, sub- 
mitted by the Chairman, Dr. II. B. Haag. .Vs a 
result of the joint meeting with the Council, a list 
of IS names will be submitted to the members of 
the Society. The ballot, to be submitted by mail, 
was approved by. the Council. 

Dr. Gruber moved that the dues for the coming 
year be S3. This was approved. 

Dr. Eddy moved that the President appoint a 
long range planning committee to consider the 
financial plans of the Society, to be reported to the 
ne.vt Council Meeting for recommendation to the 
next annual Society Meeting. This was approved. 


From time to time it has been the policy of the 
Society to make contributions to the Union of 
American Biological Societies. It was approved 
that the Society send $20. to the Union of Ameri- 
can Biological Societies. 

Concerning the question of a by-mail election of 
officers, the following motion was passed unani- 
mous!}’: “It was moved that the question of elec- 
tion of officers be submitted to the members and 
that the members be notified that the Nominating 
Committee has submitted a slate of nominations 
in a sealed ehvelope. If a majority of the votes 
east favor an election of officers this sealed en- 
velope shall be opened and the report inside shall 
be taken as the slate of nominations. A member 
may submit a slate of nominations. If a majority 
of the voting members submit the same name for 
an office, that name shall be added to the slate of 
the Nominating Committee.” 

A list of names for a new Nominating Committee 
was selected by the Council. This list will be 
submitted to the members for a by-mail election. 

Deceased member: Barkan, George, 'March 7, 
1945. 


R.\y.uo\D N. Bikteh 
Secretary 


AMERICAN INSTITUTE OF NUTRITION 


resume of COUNCIL MEETING, 
APRIL 6, 1945 

The regular meeting of the Federation having 
been cancelled, the Council of the American 
Institute of Nutrition met in Detroit on April 0, 
1945. Drs. Macy-Hoobler, Rose, Jukes, Elvehjem, 
end Smith were present. 

After discussion of the work of the Control 
Committee of Feder.a.tion Proceedings, Dr. 
Smith was requested to continue as representative 
of the Institute on the Control Committee for the 
coming year. The managing editor was commended 
for efficient handling of the affairs of Federation 
I nocEEDiNGs to date. 

The request for participation in the program 
of the Union of American Biological Societies was 
fabled until it could be discussed in open meeting. 

Ihe following names were approved for election 
•o membership: Robert V. Boucher, W. M. Cox, 
f’, Leopold R. Cerecedo, William J. Darby, Philip 
L- Harris, Milicont L. Hathaway, Charles L. 

oagland, John C. Keresztesy, Herbert E. Long- 
neckcr, Margaret A. Ohlson, Bernard L. Oser, L. 

radley Pott, John Vincent Scudi, Sedgwick E. 
‘ Roger J. Williams.' 

3 he Treasurer’s report, audited by Drs. Tolle 


and Kline, was presented. As of March 1, 1945, 
there is a balance of $773.83. 

The Report of the Editor of the Journal of 
N UTRiTioN was presented . During 1944 there was a 
drop in the number of papers submitted from 17G 
in 1943 to 155 in 1944. Of the latter number 103 
were accepted and published. By skillful adjust- 
ment to the necessity of saving paper, surprisingly 
little change resulted in the number of papers 
published. Labor difficulties interfered with 
prompt publication at times. The Editor paid 
tribute to the efficient cooperation of the Director 
of the Wistar Institute in the manifold problems 
of publication of the Journal. 

The proposed changes in the By-Laws wore re- 
viewed and apiirovcd by the Council. 

The Secretary reported that Dr. D. W. Woolley 
had been selected by the Committee of Judges to 
receive the Mead, Johnson and Company Prize 
and that the Borden Award in Nutrition had been 
given to Dr. 11. H. Mitchell. 

The dues for 1945-46 were fixed at $2.00 and it 
was agreed that 81.00 per member be paid from the 
treasury in support of Federation Proceedings. 
-As before $25.00 each was designated for the 
Secretary and Treasurer for secretarial assi.stance. 

The Secretary called attention to the symposium 
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sponsored by Dr. C. G. King for publication in 
Federation Proceedings. 

President Macy-Hoobler appointed the follow- 
ing Nominating Committee for the coming year: 


Dr. A. G. Hogan, Chairman, Drs. H. Goss, A. D. 
Holmes, I. McQuarrie and Lydia J. Roberts. 

Arthur H. Smith 
Secretary 


PAPER PREPARED FOR PRESEINTATION BEFORE THE JOINT SESSION 

OF THE FEDERATION, 1945 

THE ANTICOAGULANT 3,3CMETHYLENEBIS(4-HYDROXYCOUMARIN)i 

, KARL PAUL LINK 

IFfsconsfn Agricultural Experiment Station, University of Wisconsin, Madison 


3,3'-Methylenebis(4 - hydroxycoumarin) is the 
causative agent of the . hemorrhagic disease of 
cattle known in agricultural practice as “sweet 
clover disease” (1). This disease arises from the 
eating of improperly cured hay or silage made from 
the common sweet clovers Melilolus alba and M. 
officinalis. Its occurrence was originally observed 
practically simultaneously in Canada by Schofield 
(2) and in this country by Roderick (3) . 

The characteristic lesion of the disease is hemor- 
rhage resulting from loss of clotting power of the 
blood, apparently due primarily to a prothrombin 
deficiency (Roderick 3). It was recognized by 
Schofield and Roderick that the disease could be 
controlled by the withdrawal of the spoiled hay 
from the diet and by transfusion of blood freshly 
drawn from normal cattle, provided .the hemor- 
rhagic extravasation had not proceeded too far. 
No visible alteration was found in the blood ves- 
sels to explain the internal hemorrhagic diathesis, 
but external hemorrhage may be readily induced 
by surgical treatment (castration or dehorning) 
or accidental injuries. 


The pure anticoagulant CisHijOd, m.p. 288-289° 
was isolated by H. A. Campbell from spoiled 
sweet clover hay that had killed cattle in agricul- 
tural practice and from hays artificially spoiled 
(4). In the isolation studies the Quick one-stage 
method for estimating prothrombin was em- 
ployed to follow the course of the fractionation 
after it was demonstrated that the use of appro- 
priately diluted plasma (plasma concentration 
range 25 to 5 per cent) permitted the detection of 
smaller changes in the prothrombin level (or 
activity). This saved the lives of many valuable 
individually standardized assay rabbits and also 
made it possible to follow the progress of the iso- 
lation scheme with a high degree of certainty (5). 

The chemical identity of the anticoagulant was 
revealed by .Stahmann and Huebner (6, 7) through 
degradation reactions and by synthesis according 
to the formula indicated. 


* Paper Presented before the Joint Session of the 
Federation. 
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Chemical properties of the anticoagidant (6, 7). 
It is apparent that tautomeric modification of 
3,3'-melh3'lGnebis(4-hydroxycoumarin) into 3,3'- 
inethylenebis{2,4-diketochroman) is possible. To 
this reversible transformation is ascribed, inter 
alto, the acidic properties of the substance, its 
behavior toward carbonyl reagents, and its deg- 
radation by alkali. Thus salt formation, melhyla- 
tion and aeetjdation of the enol form of the sub- 
stance would be e.xpected (4). The cleavage caused 
i the base aniline ma 3 ' be considered a reverse 
a ol condensation (6). The mild alkali treatments 
a cct opening of the lactone rings to produce a 
P- 'eto acid which would decarbox 3 ’late readily 
o the 5-diketone. Stronger alkali effects cleavage 
P the double bond to the enol form of the diketone 

0 produce salicyelic acid (7). The insoIubilit 3 ' of 

1 ■rPoth3denebis(4-hydroxycoumarin) in water, 

' ® I ’ solubility in the common organic solvents 
Pn ®olubilit 3 ' in alkaline media (salt formation) 

of special note (4). To date this is the 
n y biscoumarin derivative found in nature (8). 

, I rnclarc and hypoprolhrombinemic action in the 
of group. In view of the structure 

loc '’^®i'i'yinnebis(4-h3'drox3'couniarin) ana- 
effe prepared wherein substitution was 

t) (1) the methylene carbon atom, a; (2) 

(3) acyl and alkyl 
' of the h 3 'dro.\yl group on the 

stiuit°T ® addition various 3-sub- 

tion “|■^'y‘^rox3'coumnrins, as well as degrada- 
.} V P’^°oncts of the methylenebiscoumarin and 
con.„ studied. Of .some ISO 

proveTr'i Kroup, the parent substance 

• o lie the most potent, b.a.sed on the m.axi- 



3,3'-Methylenebis(4-hydrox3'coumarin) 

« 

mum response per millimole of test substance 
evoked by a single oral dose, with standardized 
rabbits as the test animal. The biological aotivit 3 ' 
phase of this study has been summarized in (9) 
and the chemical aspects in (10-16). The overall 
findings have been confirmed by others (16, a, b, 
c) . 

The effect of the anticoagulant on the plasma It 
.should be noted that 3,3' - methylenebis(4- 
hydroxycoumarin) after action in vivo, impairs or 
prevents the coaplation of blood. The syndrome 
produced by feeding it to experimental animals if 
not allowed to proceed too far (or long) apparently 
does not result in permanent injury. Extensive 
control studies indicated that animals do not ac- 
qmre immunity or increased susceptibility to the 
anticoagulant (6). It is therefore possible to use 
the same animal repeatedly after allowing a brief 
penod for recovery. Some rabbits and dogs have 
been used in our laboratory for over 200 individual 
assa 3 ^s extending over a period of 4-6 years (17) 
The prothrombin time of 12.5 per cent plasma 
mil indicate the onset of the ly'poprothrombino- 
mia before changes in the prothrombin time of the 
whole plasma can be detected, the whole blood 
clotting times will usually be unaffected when the' 
reduction in the prothrombin level (or activity) 
becomes detectable; and finally in normal animals 
hemorrhage does not occur unless 3,3'-methylene- 
bis(4-h3'dro.xycoumarin) is fed or injected con- 
tinuously over a period of lime (17). 

Fi^re 1 shows the response evoked in carefully 
standardized rabbits. Other species (mouse, rat 

respond essentially like 
the rabbit. The important points are (a) the lag in 
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the response, (b) the variation in the intensity 
and (c) the variation in the duration of the hypo- 
prothrombinemia with the dose. In 2.5-3.0 kilo 
rabbits under our conditions the most efficient 
response is evoked by 0.75 mgm. Below this 
level the efficienc}' of action is decreased by a 
threshold effect and at high levels by incomplete 
absorption. The same holds in principle with all 
species studied to date. 

According to Quick (18, 19) prothrombin is 
composed of two components (A and B) which are 
linked through calcium and it is the B component 
that is decreased by this anticoagulant. We 
have not been able to confirm this (unpublished). 
The work and views of Seegers ct al (19a) sus- 
tain our findings. The mechanism through which 
3,3'-methylenebis(4-hydroxycoumarin) reduces the 
prothrombin level (or activity) is still obscure — 
but the bulk of the evidence suggests that the sjm- 



Fig. 1. The effect of feeding different levels of 
3,3' - methylonebis(4 - hydroxycoumarin) on the 
12.5 per cent plasma prothrombin time of a group 
of standardized rabbits (average curves for six 
animals). 

thesis is prevented. This might be cither through 
some mechanism that prevents vitamin K from 
catalyzing pro-thrombin synthesis or to a direct 
action on the prothrombin. 

Roderick concluded that as the hemorrhagic 
sweet clover disease occurs in agricultural practice 
(here may be some depression in fibrinogen levels, 
yet the values obtained were within the range of 
value.s olxservcd with normal animals (3). Unpub- 
lished dat:i obtained here over a period of years 
sustains (his statement. Recently Irish and Jacpics 
(20) reported in a very carefully executed study 
that when the anticoagulant is injected intrave- 
nously into dogs at high levels (15-20 mgm./kgm.) 
a detect.ablc decrease in plasma fibrinogen results, 
while smaller doses (5 mgm./kgm.) tend to in- 
crease the fibrinogen level. We have concentrated 
on the response of various species to the oral ad- 
ministration of the anticoagulant and liavc lioted 


that high doses (10-15 mgm./kgm.) usually tend 
to decrease the fibrinogen level. However, when 
the anticoagulant is fed at the levels which give a 
readily detectable and safely maintainable in- 
crease in the prothrombin time (2 to 4 mgm./kgm. 
or less) the fibrinogen values usually fall within 
the range obtained with normal animals. In sum 
when the anticoagulant is fed at low levels, we 
have so far not been able to draw any correlations 
between reduction in prothrombin level (or activ- 
ity) and fibrinogen response. In this connection 
the over-all conclusions of Foster and Whipple 
(21 ) should be borne in mind, to wdt that fibrinogen 
is an extremely labile plasma protein constituent, 
and fluctuations in content can be brought on by a 
number of factors. 

Toxicity of the anticoagulant. As the hemorrhagic 
sweet clover disease occurs in agricultural practice 
Roderick could find no visible alterations in the 
blood vessels to explain the internal hemorrhagic 
diathesis (3). Meyer and coworkers noted that the 
repeated administration of the anticoagulant to 
dogs in toxic doses, causes a profound vaso-dilata- 
tion of capillaries, small arteries and veins (22). 
This was confirmed by Dale and Jaques (23) and 
Bollman and Preston (24). Chen and co-workers 
(25) determined the toxicity in rabbits, rats, mice, 
guinea pigs and dogs and established the median 
lethal doses. Most animals dying from the action 
of the anticoagulant develop hemorrhage into 
various organs and tissues and pulmonary edema. 
Central necrosis of the liver w'as observed in about 
one-half of the rats examined and occasionally in 
rabbits, mice and dogs. Richards and Cortell (20) 
made post-mortem studies on a group of dogs, 
monkeys and guinea pigs that had received toxic 
doses of the anticoagulant and found necrosis of 
the liver. Roderick reported that cattle dying of 
the hemorrhagic sweet clover disease in agricul- 
tural practice showed no evidence of pathologic 
change in the liver (3). The work of Meyer (22) 
Bollmann (24) Lehmann (27) and Dam (28) indi- 
cates that the antieoagulant produces little, if 
any morphological damage to the liver and that 
when such damage is found it is usually secondary 
to local hemorrhage. Liver function tests likewise 
show no detectable impairment of the organ (22, 

24, 27). 

Vitamin K and the anticoagulant. At very low 
levels (those regarded as effective for a nutritional 
deficiency of vitamin K) 2-mcthyl-l,4-naphtho- 
quinonc does not prevent the hypoprothrombine- 
mic action of the anticoagulant (5). But Overman 
and Stahmann (29) showed that the oral adminis- 
tratio!t of the quinone to rabbits at high levels 
reduced the extent and duration of the action of a 
single dose of the anticoagulant (see fig. 2). Next, 
Overman, Field and B.aumann (30) showed that 
in the rat all the biologically active form.s of 
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vitamin Iv arc not only very effective in counter- 
acting the notion of a single dose of the antico- 
agulant, but also prolong the lives of rats fed doses 
that would be highly toxic on diets free from vita- 
min K. Contrary to the numerous initial clinical 
reports, it is now also perfectly clear that vitamin 
Kean counteract the hypoprothrombinemic ac- 
tion of the anticoagulant in man. Shapiro (31) 
and Lehmann (27) were the first to demonstrate 
this effect in man, and were subsequently con- 
firmed by others (32, 33, 34). In an excellent study, 
Cromer and Barker (35) reported that the admin- 
istration of menadione bisulfite intravenously in 
doses of 64 mg. to patients who exhibit excessive 
prothrombin deficiency after administration of 



Fig. 2. The effect of 2-methyI-l,4-naphtho- 
quinone on the action of 3, 3 '-methylene bis (4- 
hydroxycoumarin) in rabbits. Curve A is the re- 
sponse of ten rabbits fed 3 mgm. of the anticoagu- 
lant alone; curve B when 30 mgm. of vitamin K 
were fed with 3 mgm, of the anticoagulant; curve 
C when 30 mg. of vitamin K were fed 3 days prior 
to and each day after feeding 3 mgm. of the anti- 
coagulant. 


showed that rats fed a diet of condensed milk can 
be protected against the hypoprothrombinemia 
by the administration of any one of a number of 
substances like carvone and chloretone, that in- 
crease the synthesis of vitamin C. Indeed, carvone 
and chloretone can prolong the survival time of 
rats fed the anticoagulant (36). With the guinea 
pig, Sullivan et al, (37) show'ed that massive- 
doses of 1-ascorbic acid counteract the action of the 
anticoagulant, in that they prolong the survival 
times of animals receiving daily small doses of the 
anticoagulant. When a single dose of the anti- 
coagulant is given to scorbutic guinea pigs, the 
extent and duration of the hypoprothrombinemia 
are both drastically prolonged (37). The similar- 
ities in the gross pathological effects of deficien- 
cies of vitamin C and K and of the continuous ad- 
ministration of the anticoagulant suggests that 



Fig. 3. Representative chart of the protective 
action of theobromine against 3,3'-methylenebis- 
(4-hydroxycoumarin) in the dog. Theobromine, 
100 mgm. per kilo and 3,3'-methylenebis(4- 
hydroxycoumarin) 10 mgm. per kilo, given orally. 


the usual doses of “Dicumarol”,® definitely in- 
creases the safety factor of “Dicumarol” therapy. 

Vitamin C and the anticoagulant. The oral ad- 
ministration of 1-ascorbic acid at high levels 
alone with moderate single doses of the anti- 
coagulant prevented the usual increase in the 
prothrombin time in some rabbits' (29). The simul- 
taneous oral administration of 1-ascorbic acid and 
2-mcthyl-l, 4-naphthoquinone at high levels to 
rabbits along with a single dose of the anticoagu- 
lant either drastically reduced or completely 
nullified the hypoprothrombinemic action (29). 
Wliile l-ascorbic acid does not counteract the 
anticoagulant in the rat, Baumann et al. (36) 


’ Dicumarol is the trademark for the sj’nthetic 
preparation 3,3' - methylenebis(4 - hydroxycou- 
marin). 


the action of 3,3'-methylenebis(4-hydroxycou- 
marin) may in part be due to disturbances in the 
metabolism of vitamin C and the antihemorrhagic 
quinones in the animal body (29, p. 161). 

The effect of methylated xanthines on the action 
of the anticoagulant. One of the interesting and un- 
predictable obserx'ations that has arisen from our 
work on the anticoagulant has dealt with the 
hypercoagulable effects induced by caffeine, 
theophylline and theobromine. Field, et al. (3S) 
found that single oral doses of these methybean- 
thincs induce in the dog, rabbit and rat, a state of 
hyperprothrombinemia and that they also increase 
the fibrinogen level (39). The resulting hyper- 
coagulability from a single oral dose persists in the 
dog for 4 to 5 days and repeated small doses can 
maintain the hyperprothrombinemic state and the 
increased fibrinogen levels for periods up to 30 
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days. The methylxanthines can also counteract 
the hypoprothrombineinic action of 3,3'-methyl- 
enebis(4-hydroxycouniarin) in the dog. When they 
are given either with, or 24 hours after the anti- 
coagulant, they not only reduce the intensity of 
the hypoprothrombinemic response but also 
shorten its duration. It was suggested that the 
methylxanthines produce a functional stimula- 
tion of hepatic tissue, which accounts for the 
increased prothrombin and fibrinogen levels in 
normal animals and for the protective action 
against the anticoagulant. The possible bearing 
of these findings on the use of methylxanthines 
in conjunction with cardio vascular therapy was 
raised in the original publication (38). 

Hypoprothrombinemia induced by salicyclic acid. 
The quantitative in vitro chemical degradation of 
3,3'-methylenebis(4-hj'droxycoumarin) to sali- 

• 2.5 M3 a3'.ME7Wl.ENEBlS[4-HYDROXYCOUM*l«Nl 



Fig. 4. The comparative effect of sodium sali- 
cylate and 3,3'-meth}'lenebis(4-hydroxycoumarin) 
given intravenously on the prothrombin time of 
12.5 per cent plasma (average response of six 
rats). 

cylic acid was achieved by Huebner in the charac- 
terization and identification studies (6, 7). Al- 
though a comparable degradation in vivo has as 
yet not been established (1) it was found that 
salicyclic acid can induce hypoprothrombinemia 
and hemorrhage in rats fed a diet low in vitamin K 
(40). When the rats were fed a natural grain ration, 
or one containing 2-methyl-l, 4-naphthoquinone, 
salicylic acid failed to induce hypoprothrom- 
binemia. In other words, vitamin K counteracts 
this particular effect of the salicylates. Salicylic 
acid proved to be about ^ as active as the bis- 
coumarin (fig. 4) and it appears that in the rat 
acetylsalicylic acid (aspirin) is more potent than 
salicylic acid or sodium salicjdate (1, p. 199). 
Subsequently as a result of our studies, the hypo- 
prothrombinemia inducing capacitj- of the com- 
monly used salicylates was demonstrated on man 
by Shapiro et al. (41); Meyer and Howard (42), 


Rappoport et al. (43), Fashena and Walker (44) 
even when the diet is not restricted. Furthermore, 
the clinicians Shapiro and Meyer have shown that 
vitamin K counteracts the hypoprothrombinemic 
effect of salicylates in man, just as it docs in the 
rat (41, 42). 

Hemorrhagic complications in conjunction with 
salicylate intoxication have recently again been 
reported^ (45, ’46). In the original publication (40) 
we did not write nor imply that when hemorrhage 
does arise from salicylate medication, that it was 
due solely to the induced hypoprothrombinemia. 
In contrast it was stated that the findings with 
the rat offered “at least a partial explanation for 
one of the untoward effects that they (the sali- 
cylates) might induce under certain conditions”. 
It appears from some of our unpublished work 
that the action of the salicylates on the blood 
coagulation components is not restricted to the 
prothrombin activity, but that the fibrinogen level 
can also be effected. Furthermore, since general 
vascular damage invariably results from sali- 
cylate intoxication it is conceivable that hemor- 
rhage may take place without complete depletion 
of the essential plasma protein clotting com- 
ponents. Fashena and Walker (44) have recently 
published a thorough review of the broad problem 
of salicylate intoxication and this has been fol- 
lowed by an objective editorial in J. A. M. A., p. 
460, February 24, 1945. Now that clinicians are 
aware of the effect of salicylates on the clotting 
mechanism it will be interesting to see to what ex- 
tent the use of vitamin Iv will reduce the hazards 
of hemorrhagic complications after salicylate 
administration, especially in the treatment of 
rheumatic fever for which, according to Hanzlik . 
they are the "sovereign remedy” (47, p. 4). 

Other physiological factors that influence the 
the action of the anticoagulant. Field et al. (4S) 
made the interesting observation that pregnant 
and lactating rats tolerate higher levels of the 
anticoagulant than normal females. In an exten- 
sion of this study Field showed (49) that the 
continuous feeding of the anticoagulant to female 
rats with suckling pups caused the pups to become 
hypoprothrombinemic and subject to hemor- 
rhage. Acetylsalicylic acid caused the same re- 
sponse. Vitamin K showed a protective effect 
more apparent in the pup than in the mother. 

It is not known at present whether the anticoagu- 
lant fed to the suckling female rat passes directly 
into the milk or whether an active metabolite 
from it is the cause of the hypoprothrombinemia 
and hemorrhage in the suckling young. Although 
it would appear that the mammary gland is per- 

^ Sec reference (40) and the Harvey Lecture (I) 
for the earlier literature on hemorrhage rising 
from salicylates. 
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meable to vitamin K, it cannot now be stated that 
the protective action of the quinone is due to the 
transmission of tlie intact molecule or to an active 
metabolite. The observ.ations on pregnant and lac- 
f.afing r.ats hold also for the dog (unpublished work 
of Field, Spero and Link) Davis and Porter (50) 
have recently reported favorable clinical results in 
the treatment of puerperal thrombosis with 3,3'- 
methylenebis-(4-hydroxycoumarin).- It would ap- 
pear that when this anticoagulant is used in this 
disorder, the suckling infant should either be with 
drawn from the mother when the drug is given or 
the prophylactic administration of vitamin K to 
the infant be considered (49). 

S,S'-Methylen€his(4-!>Vdroxycoumarin) in the 
prevention of thrombosis. One of the significant 
points that has been established since the anti- 
coagulant has become available is that a primar 5 ' 
relationship e.vists between thrombus formation 
and the clotting mechanism of the blood. This 
was first established by D.ile and Jaques (23) and 
independently confirmed by others (24, 26, 51). 
These studies on experimental thrombosis es- 
tablished for the first time that an effective re- 
duction of extravascular and intravascular throm- 
bus formation parallels a diminished plasma pro- 
thrombin level (or activity) with its associated 
hypocoagulability. 

Baronofsky and Quickshowed that the anticoag- 
ulant decreased platelet agglutinability (52) and 
Spooner and Meyer (53) reported that a definite de- 
crease in plateletadhesiveness accompanies the hy- 
poprothrorabinemiainman. Since the inhibition of 
platelet agglutination is a primary factor in the 
prevention of thrombosis it appears that the 
clinical use of 3,3'-methylenebis(4-hydroxycou- 
marin) as a prophylactic agent of thrombosis 
rests on a sound basis (54). 

Indications and clinical use of S ,S'-methyhncbis- 
{4-htjdroxycoumarin) [Dicutnarol]. “Dicumarol” 
is recommended for the prophjdaxis and treat- 
ment of intravascular clotting (54-62), It is being 
used alone or as an adjunct to heparin in the 
treatment of postoperative thrombophlebitis 
and pulmonary embolism, acute embolic and 
thrombotic occlusion of peripheral .arteries, recur- 
rent idiopathic thrombophlebitis, post-traumatic 
and postinfectious thrombophlebitis and pul- 


monary embolism. The drug does not exert a re- 
solving effect on thrombi or emboli already present 
and there is no indication at present th.at it will 
increase the blood supply of an area infarcted by 
an embolus. The use of the drug in these cases can 
onl 5 ' be expected to retard intravascular clotting 
and prevent propagation of the thrombus or em- 
bolus, Since the ultimate outcome of acute coro- 
nary' thrombosis is to a large extent dependent 
on the extension of the clot and on the formation 
of mural thrombi in the heart chambers with sub- 
sequent embolization the drug has been used 
as an adjunct in treating this condition. The trans- 
fusion of freshly drawn citrated blood and the 
intravenous administration of a water soluble 
form of vitamin K in a dosage comparable to 40 
mg. of menadione readily counteracts an excessive 
“Dicumarol” effect (35, 62), 

The clinical use of “Dicumarol” must be con- 
trolled by daily prothrombin determinations, for 
altering the coagulability of the blood, that pro- 
tective mechanism of life par excellence, is in prin- 
ciple a hazardous business (1). Little difficulty' 
has been experienced by some clinicians in the 
prophylactic use of the anticoagulant. See for 
instance (35, 56, 57, 5S, 59, 60, 61, 62). The hasty 
and the ill-prepared have run into the obvious 
difficulties. It would appear that faulty technique 
in the estimation of prothrombin activity’ is quite 
common. A capital factor in the success of 
our work with experimental animals has been the 
use of 12.5 per cent, as well as whole plasma (5). 
Its use involves merely making a dilution of 1 
part whole plasma with 7 parts physiological saline 
solution. Through the use of diluted plasma the 
lives of many valuable assay rabbits were saved 
in the arduous road that Campbell had to travel 
to isolate the anticoagulant from the spoiled sweet 
clover hay' (1). With 12.5 per cent plasma the pro- 
tective action of vitamin K against the anti- 
coagulant was first detected, the hypoprothrom- 
binemic action of the commonly' used saliey'Iates 
discovered and the hyperprotlwombinemic action 
of the methylxanthines demonstrated. Is there any 
reason why human subjects should not be given 
the benefit of a prothrombin technique (63) (64) 
that has made it possible to make these discoveries 
with experimental animals? 
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The problem of measurement of cardiac output 
in man has in the last few years received renewed 
attention as a result of the development of two 
methods, the ballistocardiograph and the Direct 
Fick, based on entirelj' different principles. 

The principle involved in the first method is, 
that forces originating in the movement of blood 
are transmitted to the body and can therefore be 
recorded. A student of this method is faced first 
with the problem of recording these forces unal- 
tered. He is confronted then with a choice among 
the physical entities related to movement of 
blood, i.e., variations in mass and acceleration, 
secondary vibrations, instantaneous flow in- 
tensity etc., and with the most difficult problem of 
working out a general formula relating the re- 
corded forces and the chosen physical entities: 
a problem of Analytical Dynamics requiring a 
profound knowledge of this branch of higher 
mathematics. The last difficulty is to finally de- 
rive a practical formula for the calculation of 
cardiac output; a formula which may be appli- 
cable to all possible variations of the stroke vol- 
ume in health and disease. Once these difficulties 
are overcome, measurement of cardiac output 
would require simply that the subject under 
investigation should stand or lie on the recording 
apparatus with a technician supervising the 
details of recording. 

The second method, in contrast to the first, is 
based on a simple principle, enunciated by Fick, 
which could not be applied to man until recently 


because of technical difficulties in obtaining 
samples of mixed venous blood for analysis, 
without danger or discomfort to the subject. 
With this method the problem to solve was the 
development of a safe technique and "the de- 
monstration of the validity of the samples 
collected. 

Among the investigators of the first method 
there is still controversy as to the required me- 
chanical characteristics of the recording appa- 
ratus, the physical entities involved and the 
mathematical approach to an empirical or ra- 
tional formula. Differences among the pro- 
ponents of the second method are of a less serious 
nature, dealing chiefly with minor considerations 
concerning technique, with definition of phys- 
iological states or with interpretation of findings 
in a field of study of the circulation in man, con- 
stantly e.xpanding. As this symposium progresses, 
it will become apparent that the controversy is 
not limited strictly to each camp separately. 

An historical background is provided for by W. 
F. Hamilton, whose critical analysis of most of 
the methods of measurement of cardiac output 
used up to this date in man, is certainly one of the 
most stimulating contributions to this Sym- 
posium. It seemed appropriate to publish, as a 
separate article, notes sent to me personally by- 
John McMicheal from London, who worked with 
the Direct Fick method under most adverse 
circumstances. 


NOTES ON THE DEVELOPMENT OF THE PHYSIOLOGY OF CARDIAC OUTPUT 

W. F. HAMILTON 

VnircrsUy of Georgia, School of Medicine, Avgusta 


During the first quarter of the present century 
the serious attempt to study the cardiac output 
of man was begun. There developed two antag- 
onistic schools of thought as to the quantities 
involved. These schools had their headquarters 
in Kopenhagen on the one hand, and in O.xford 
on the other. By means of the nitrous oxide 
method, Krogh and Lindhard (I) settled on the 
theory that the cardiac output of resting man is 
.■i.5-}.51. permin. Krogh, Lindhard, Liljestrand, and 


their co-workers published a long series of papers 
(see 2) using the nitrous oxide method and sup- 
porting the idea that the output of the human 
heart was of this order. In addition, Bornstein’s 
nitrogen method gave results of the same size (3). 

At about the same time, Christiansen, Douglas, 
and Haldane (4) studied the cardiac output by- 
means of pulmonary CO; tensions and came to the 
conclusion that the heart pumped five to eight 
liters instead of the 3 to 5 of the Scandinavians 
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(5). This idea was widelj' promulgated in the 
United States. Henderson (6, 7, 8, 9) led in the 
effort and many followed (10, 11, 12, 13 among 
others) all of whom demonstrated to their own 
satisfaction that the heart pumps out 5-8 liters. 
Of course there were some workers who included 
in their series men whose hearts were said to pump 
large quantities of blood and men whose resting 
output was small. They did not commit them- 
selves either way (14, 15, 16, 17) and it should be 
remembered that the first to propose the nitrous 
oxide method were rather generous in their esti- 
mate of the blood flow (18). 

For a few years the ideas of the Oxonians seemed 
to prevail in this country. The situation was not 
to last for the Scandinavian school was soon to 
have a vigorous representative here and one who 
spoke with no little authority. Grollman’s 
authority was generally accepted because of a 
vast amount of impressively self consistent work. 
All of the variability and doubt was swept away. 
The output was 2.2 d= 3 liters per square meter 
body surface and all figures that varied from this 
mean by more than 15% were either pathological 
or non basal. One could close the book with a sort 
of satisfied finality. 

As a consequence, very few physiologists had 
the temerity to report figures that exceeded the 
Procrustean limits set by Grollman. Those that 
did so either used “notoriously inaccurate 
methods” or were completely ignored. Their view 
point was not as completely unreasonable as was 
supposed because the Grollman method was not 
the only method that had been checked against 
the direct Fick procedure (19). Proponents of the 
ethyl iodide method of Henderson and Haggard, 
and of the injection method had been satisfied 
that their methods gave the same results as did 
the Fick (20, 21). In spite of these facts the op- 
position to the idea of small basal blood flows — in- 
cluding even that of Henderson — has gradually 
subsided. 

Controversies of this sort are rarely settled. 
We get over them and whether the recovery is 
permanent or a temporary remission always re- 
/ mains to be seen. Some phases of the problem 
seem about to be reopened and for that reason, 
a brief review of the phj'siological implications 
of cardiac output figures and of the manner in 
which they have been arrived at is in order. 

It seems to me that the heart has little to do 
with its output. Its activit 3 ’ is regulated bj' reflex 
connections with pressure receptors and there 
has been no mechanism described whose function 
can be said to control the pumping action of the 
heart in terms of the minute volume or in terms of 
the stroke volume. Each organ needs more or 
less blood in accordance with its activity and 
satisfies these demands Iw opening or closing its 


own arterioles. This it maj' do by local reflexes, by 
axone reflexes or more generally in response to the 
local accumulation of metabolic wastes or to the 
local development of anoxia. If many organs 
become active at once and open their arterioles 
the pressure in the carotid sinus and aorta goes 
down and the heart is stimulated to increase its 
pumping. The opposite occurs when the periph- 
eral demand for blood decreases. The heart 
merelj’^ maintains arterial pressure within phys- 
iological limits and in doing so supplies the 
demands of the several organs. 

In the past few jmars evidence has accumulated 
as to the quantities of blood needed to satisfy 
these demands. The best evidence relates itself 
to kidney blood flow. In order to transport dio- 
drast to the kidneys in the quantities secreted 
in the urine, blood must flow to these organs at 
the rate of 1.3 1. per minute (22). The blood flow to 
the brain is considered to be well over 800 cc. per 
minute (23). The blood flow through the superior 
mesenteric artery is said to be of the same order 
as that through one renal artery (24). If we say 
that the flow through the coeliac and inferior 
mesenteric arteries collectively equals that to the 
other renal arter}^ we can saj' that the blood flow 
to the digestive viscera is at least 1.3 1. per min.^ 
There is left the skin, skeletal muscles and heart. 

It is also said that the iliac arteries carrj' about 
as much as the renals (24) when the "animal is at 
rest. The proportionate blood flow to the human - 
leg is probablj' greater than in the dog. The basal 
blood flow to the extremities is said to be at least 
35 cc. per kg. per min. (25, 26) or, assuming 50 kg- 
of musculo-cutaneous tissue 1800 cc. per min. 
When these quantities are suinmated, it is evident 
that it takes 4.7 1. /min. to supply the kidnej'S, 
viscera, brain and hind legs or 5.2 1. /minute to 
supplj" the kidnej's, brain, viscera, muscles and 
skin. Levj' and Blalock state that in the dog the 
kidney receives less than -J- the total blood flow 
(27). If the 1.3 1. per min. to the human kidney 
were to be multiplied 5 times it would indicate a 
total human blood flow of 6.5 l./min. 

These data are incomplete and some of them 
arc quantitativelj' inexact but the suggestion at 
least, is evident that the 4.1 per min. which is 
permitted bj' the Scandinavian school and by 
Grollman is scarcely enough to supply all the 
demands of the body. 

If the pendulum is about to swing from these 
small cardiac output figures to larger ones it 


'Chairman’s Note: .-According to unpublished 
data obtained bj^ S. E. Bradley, F. J. Ingcl- 
finger, J. P. Bradlej' and J. Currj', in twenty-one 
normal subjects, the average figure for hepatic 
blood flow was 1498 cc/1.73 m=. 
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would be well to evaluate the methods by which 
the various figures have been obtained. 

Cardiac output methods may be classified as 
volumetric methods and dilution methods. In 
addition there are many procedures which can 
best be classified as secondary methods because, 
in order to be acceptable they must be calibrated 
against one of the dilution methods. There is 
usually something a bit vague about the as- 
sumptions or calculations that causes the author 
to bolster his ideas by comparison with another 
method that carries more conviction. These sec- 
ondary methods are a bit slippery in that they 
always give results which check with the com- 
parison method whatever it may be. Thus one 
observer (28) checks the X-ray method against 
the injection method and gets stroke volumes 
well over 80 cc. and another (29) checks the same 
method against the Grollman method and gets 
the usual 60 cc. Since Cournand's development of 
the direct Pick procedure giv'es different results 
that will probably gain general acceptance, one 
wonders how long it will take X-ray kymogra- 
phers, ballistocardiographers and pulse-pressure 
enthusiasts to fall into line. 

Volumetric methods cannot be applied to man. 
A plethysmograph (cardiometer) must be put 
over the ventricles and their change in volume 
measured or else some sort of flow meter must be 
connected into the aortic stream. Numerous 
attempts have been made to get at the stroke 
volume in this manner and much valuable phys- 
iological information is to be ffad by the use of 
volumetric methods. They tell us what the heart 
can do under the handicap of an open chest or 
traumatic surgery. They furnish us with no in- 
formation as to what the heart does do under 
more nearly normal conditions. 

Dilution. methods depend upon the establishment 
of an arteriovenous difference in the concentration 
of .some substance that is diluted in proportion to 
the size of the blood stream and whoso rate of 
uptake (or output) by the body is known. The 
arteriovenous difference ma)' be established (1) 
by an actual analysis of the concentration of the 
diluted substance in the arterial and mixed venous 
blood (2) by inferences as to its concentration in 
arterial blood from the alveolar air and as to its 
concentration in the mixed venous blood from the 
composition of rebroathed air and (S) by the 
assumption that the procedures have left the 
mixed venous blood free of the substance in 
question and that it is merely necessary to de- 
termine its uptake and its concentration in the 
arterial blood. 

The cardiac output can bo determined by the 
direct Pick procedure, i.e., actual determination 
of the .\ V oxygen difference divided into the 
oxygen consumption only on the assumption 


that oxidations take place in the lungs to a neg- 
ligible extent. This ghost which had been laid 
many times in the last half of the ISOO’s was raised 
again in the ISOO’s by Christian Bohr who was 
unable to account for the respiratory exchange by 
the product of A V difference and cardiac output 
as measured by the stromuhr (30). The stromuhr 
did not measure the coronarj’ circulation and Bohr 
made an allowance. This allowance was too small 
as was demonstrated by Henriques (31, 32) who 
used the injection method (see below) to measure 
the total circulation, including that to the heart. 
The total circulation times the A V difference did 
of course, account for the respiratory exchange. 
The injection method did therefore, at one time, 
have a strategic value in establishing the funda- 
mental postulates upon which the direct Fick 
method is based. 

Assuming then, that the pulmonary oxidations 
are negligible, there is no question but that the 
direct Fick procedure can be used to determine 
the cardiac output. The details of the procedure 
and its application will be given by others in 
this symposium. For our purposes an example 
will sufllce. An individual who consumes 250 cc. 
of Oj per minute has a difference between the 
o.xygen content of his arterial and mixed venous 
blood of 50 cc. per liter. It will therefore, take 5 
liters of blood per minute to carry the oxygen to 
the tissues. 

No special time limits handicap the user of this 
procedure. The mixed venous and arterial ten- 
sions do not change while a aample of blood is 
being taken from the artery or from the right 
heart. It is far otherwise if a foreign substance is 
injected into the blood stream or put there by 
diffusion from breathing a foreign gas. In either 
case, the arterial concentration must be measured 
or inferred from alveolar gas tensions and the 
uptake established during the first circulation. 
Otherwise it would be impossible to calculate the 
output from the arterial concentration of the 
foreign substance because after the first circula- 
tion foreign substance would be counted twice. 
If the lungs are to be used as an aerotonometer 
to measure mixed venous gas tensions it i^ again 
necessary to complete the equilibration before 
the blood begins to recirculate. If the same blood 
is c.xposed twice to abnormal alveolar air, the al- 
veolar gas tension can leave no direct relation 
to that of the mixed venous blood. 

Two questions must therefore be answered in 
order to evaluate the meaning of rebreathing pro- 
cedures in determining the cardiac output: (/) 
What is the total circulation time in man, i.e., 
how long after a substance appears at a certain 
point in the circulation will it reappear in signif- 
icant quantities? and (2) Will this circulation 
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time be appreciably modified by holding the 
breath or by active rebreathing procedures? 

In answer to the second question, Stewart (33) 
showed that the circulation time might be ^ less on 
inspiratory standstill than during continued re- 
spiration. This is attributed to an increase in 
blood flow to the right heart (i.e. to an increase in 
cardiac output). The cardiac output is increased 
in man during the holding of the breath and 
during other respiratory gymnastics as evidenced 
by the fact that the Oxygen uptake during such 
maneuvers is 30-100% greater than it is at rest (1, 
8). The oxygen tension of the venous blood re- 
turning to the lungs is supposedly unchanged and 
•the only way to account for the increased Oi 
uptake during the respiratory gymnastics is to 
think that the changes in intrathoracic pressure 
have increased venous return and augmented the 
pumping action of the heart. It is thus reasonable 
to suppose that the time of the complete circula- 
tion is decreased by a considerable amount as 
compared with that found in the resting individual. 

The circulation time has been measured many 
times and the results present some scatter (34, 35). 
The scatter is not so wide in fact as it is in the 
writings of those who would like to have it long 
enough to include all the tifne it takes them to 
complete a favored rebreathing procedure. It is 
difficult to find actual determinations in the lit- 
erature of the circulation time in man from one 
point in the circulation back again to the same 
point of more than 20-22 sec. According to Vierodt 
the jugular to jugular time is 26-29 heart beats or 
22-24 sec. and Koch found that the circulation time 
from the anticubital vein to the anticubital vein 
was 21 sec. It may be that the circulation time 
from a foot vein back again to the same place 
may be 35-40 sec. but such data will not answer 
the question: how soon and to what extent does 
the main stream passing through the heart and 
lungs become contaminated by blood which has 
already been clear around the circulation? It is 
first contaminated by blood returning over paths 
that have short circulation times. It has generally 
been conceded that the coronary path has a short 
circulation time. Stewart showed it was 2-3 sec. 
(36). Now it has been stated (2) that the coronary 
circulation time is so much shorter than that to 
any other part of the body that quick return over 
this path cannot introduce more than a small 
error in measuring the cardiac output. That the 
coronary blood is not the onij’ blood which returns 
quickly will be shown by the following consider- 
ations. 

The heart and lungs may be perfused by a 
stream flowing at a rate that is similar to the 
cardiac output . When a dye is injected into such a 
stream, its concenteation in the aorta shows the 
following changes: ,\fter a few seconds, the dj-e 


appears in samples taken successively every sec- 
ond. The concentration increases and then falls 
off. During the wash out of dye from the heart and 
lungs the concentration falls exponentially as 
indicated by the straight line plot of log con- 
centration against time. This means that during 
successive constant intervals, the concentration 
of the dye is reduced by a constant fraction of 
what it had been just before (79). 

If the same injection is made into the natural 
circulation of man, the dye concentration curve 
takes the same course up until the time of re- 
circulation. This is clearly marked by a sudden 
deviation from the straight line of descent brought 
about by dye coming around a second time. This 
is illustrated in an injection experiment carried 
out on a man in basal condition with a heart rate 
of 60 and a cardiac output of 5.5 l./per min. which 
is exactly the average of Cournand’s 13 normal 
basal males as measured by heart catheterization 
(46). 

The time from the first appearance of the dye 
until its reappearance is the total circulation 
time, that is, the time it takes blood to follow the 
quickest path clear around both the lesser and 
the greater circulations. In 17 normal basal men, 
this figure varied from 10 to 18 sec. with a mean of 
14.7 sec. -(37). We may therefore, expect that re- 
circulation maj"^ have occurred in ten seconds, 
that it has probably occurred in 15 sec. and that it 
has certainly occurred in 18 sec. These figures 
must be reduced considerably if any active re- 
spiratory effects are being made as a part of an 
experiment in which the circulation time is of 
significance. 

More important than the time in which blood 
begins to recirculate is the partition between once 
circulated and twice circulated blood at various 
intervals after recirculation begins. At the end 
of one total circulation time the foreign substance 
is just beginning to recirculate. In a sample taken 
-J- circulation time later J of the foreign substance 
in the sample would be on its second circulation. 

In a sample taken after IJ circulation times the 
recirculated substance would be.f of the whole, 
li circulation times is from 12-21 sec. and li cir- 
culation time is 13-24 sec. These observations are 
congruent with those of Starr and Collins (38) who 
showed that surprisingly large amounts of blood 
recirculated in surprisingly short periods of time 
and are hopelessly incongruent with the notion 
that a 5% correction will account for the effects 
of recirculation up to 20-30 seconds (2). 

The fact that the total circulation time is va- 
riable and extremely short makes it neccssarj’ 
that a definite plateau be established in the re- 
lation between rebreathing time and the CO; 
tension of rebreathed air in each experiment be- 
fore the tension of rebreathed air can be held to 
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equal ihat of mixed venous blood. If rebreathing 
is too long, the lung air tension is greater than 
that of normal venous blood because recirculated 
blood carries back an extra load of CO;. If re- 
breathing is too short, there cannot be time 
enough for CO; to be liberated insufficient amount 
to bring the residual air up to the venous tension. 
In addition to this, enough CO; must be liberated 
from the incoming venous blood to compensate 
for the CO; that must go into the lungs and into 
the stagnant blood in the lungs to raise the tension 


because the CO: cannot get out into the venous 
pulmonary air and a large fraction is carried on 
in the blood as it passes on through the lungs. 
Let us assume for argument (see Fig. 1) that the 
CO; partial pressure in ISOO cc. of residual air 
must be raised from 37 mm. Hg to 45.3 (corre- 
sponding to a normal V-Adrop from 54 to50vol.%) 
by a blood flow of 100 cc. per sec. This re- 
quired 16.6 cc. of CO; which normally would be 
forthcoming in a little over 4 sec. If the breath is 
held in the expiratory position, the rising equilib- 



Fig. 1. Calculated curves showing approach of lung air to CO; equilibrium with oxygenated 
venous blood. 1. Normal rate of liberation of CO;. 2. CO; poured into residual air only. 3. Residual 
air mixed and rebreathed with twice its volume of O. containing CO; at venous equilibrium tension. 
Pv. = CO; tension in oxygenated venous blood; Pa = CO; partial pressure in lung-air and in 
blood leaving lungs; dPa/dPb = proportionate change in CO; tension of lung air and blood caused 
by exchange of CO*. (The assumption of a linear dissociation curve over this short range makes the 
ratio a constant.) Assumed for calculations: blood flow 6 1, per min.; venous CO; 54 vol. % at 
43.9 mm. Hg, going to 45.3 mm. Hg on oxygenation: arterial CO; 50 vol.% at 37 mm. Hg; residual 
air 1500 cc; rebreathing mixture 3000 ec. O: with CO; at 45.3 mm. Hg. 


of the pulmonary fluids to the venous levels. The 
first quantity is some 10-15 cc. and the amount of 
CO; entering the lung fluids may be of the same 
order (39). The basal rate at which CO; is given 
off is about 3.6 cc. per sec. If CO; could be given 
off at this rate during a rebreathing experiment, 
it would take 4 to 6 seconds to raise the tension of 
the lungs and alveolar air to that which might be 
expected of the venous blood. Of course, the blood 
can deposit in the lungs but a fraction of the CO; 
which it could if the alveolar tension were normal 


rium pressure slows the rate of liberation so that 
10 sec. is required to get 90% of the way toward 
the true venous le%'el. If 31. of virtual venous air 
is rebreathed the CO- pressure rises rapidly during 
mixing; but the same volume of CO; must still 
be added to attain equilibrium, and this addition 
is veiy slow against the higher tension in the 
rebreathed air, *‘90% of equilibrium** now re- 
quiring 15 sec. (41). 

These considerations indicate that the virtual 
venous air of the lungs (7) can “never** come into 
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actual equilibrium with the mixed venous blood 
though it may come indistinguishiably close to 
such equilibrium in a matter of 12-15 sec. At this 
time however, the blood is about to recirculate. 

When the tension of virtual venous air is plotted 
against rebreathing time, there is a continuous 
rise in this tension at the rate of 0.2-0.6 mm. Hg 
per sec. (39.40). The scatter of the observations is 
such that to demonstrate a significant lessening 
of this slope — to say nothing of demonstrating 
that a plateau exists — rebreathed air samples 
would have to be taken at least 7 seconds apart 
and their tensions compared. If the tensions were 
equal we could say that the slope was significantly 
less than 0.2 mm. per sec. but not that there was a 
plateau. 

To avoid the diluting effect of residual air on 
rebreathed air some experimenters have added 
varying amounts of CO 2 between cycles of re- 
breathing. This raises the tension got after short 
rebreathing directly in proportion to the amount 
of CO 2 added and thus arbitrarily controls the 
slope of the line correlating virtual venous CO 2 
and rebreathing time. It is thus just as easy to 
get a plateau adding large amounts of CO 2 and 
rebreathing a long time as it is to get a plateau 
adding smaller amounts of CO 2 and rebreathing 
for a shorter time. If CO 2 is added between re- 
breathings, 3 or more points are necessary to draw 
a plateau and there are further difficulties in 
statistically proving that such a plateau actually 
establishes the mixed venous CO 2 tension. 

Some investigators have attempted to gain 
information simultaneously about the mixed 
venous O 2 tension and CO 2 tension. The approach 
is to either get complete equilibrium (14, 15, 16) 
or to extrapolate to the tensions from the changes 
in the gases as they are held in the lungs for short 
periods of time (17, 42, 43, 44). The time necessary 
to compensate for the dilution of the inspired 
mixture by the residual air, the consequences of 
changing the tension of lung tissues and residual 
pulmonary blood, and the quick return of re- 
circulated blood have not always been fully con- 
sidered by the experimenters. Thus it is not 
surprising that some of the above authors report 
large and some small cardiac outputs and some 
report both large and small outputs. 

In general then, the indirect Fick method gives 
variable results. The results tend to be low if 
equilibrium time is long and to be high when the 
equilibrium time is short. The total circulation 
time is variable and short so that to be safe the 
equilibrium time should not be more than ten or 
twelve seconds (45) if the subject is carrying out 
rebreathing prodecurcs. 

What lias been said as to the limits of rebreath- 
ing in case of the indirect Fick applies equally to 
methods based on the uptake of foreign gases by 


the pulmonary stream. The dominant one of these 
methods is that of Grollman. Now Grollman’s 
method gives a figure for the cardiac output which 
is only about two thirds of that necessary to 
support the blood flow to the several organs and 
only about two thirds that found by Cournand 
el al. (46) to be the true basal blood flow. Since 
Grollman’s method gives results which are so 
grossly in error it is not necessary to work over in 
detail the technics of his method nor the results 
which numerous workers have had with it and 
with similar methods. The method involves re- 
breathing gas mixtures containing acetylene and 
after 15-18 seconds taking a sample. A second 
sample is taken 5-8 seconds later, and the cardiac 
output calculated from the relationi between the 
uptake of acetylene and o.xygen during rebreathing 
on the one hand and the basal oxygen consumption 
on the other. 

It should be pointed out that both the first and 
the second samples were taken after recirculation 
had occurred. This is evident from the total 
circulation times listed above and from the ex- 
perience of Gladstone (47) who found that the rate 
of acetylene disappearance suddenly changed 
after the gas had been in the lungs 10-12 sec. 
This corroborates the findings of Hamilton, 
Spradlin, and Saam (37) working. with acetylene 
and those of Israels and Lamb working with COs 
(45). It also serves to explain the fact that taking 
samples at 18 and 30 seconds instead of at 18 and 
24 seconds after beginning to rebreathe the for- 
eign gas makes little difference in the Grollman 
figure. In this case too, both samples were taken 
during rather than before recirculation of blood. 
The Second recirculation may well begin after 
30 seconds. 

Matthes (48) has shown that when the oxygen 
saturation of ear blood is measured photometri- 
cally, it drops suddenly, remaining in equilibrium 
with lung air when nitrogen is rebreathed. If it 
drops to a level plateau, it is said that the sat- 
uration during the plateau is that of mixed venous 
blood. This seems reasonable, but it is hard to 
find in Matthes data evidence that establishes a 
plateau before recirculation can well be expected. 

Secondary 7)iclhods which have been calibrated 
against one or more of the respiratory methods 
discussed above are 1 , the x-ray method, 2, the 
pulse pressure method, and 3 , the Ballistocar- 
diographic method. 

The x-ray 7nethod was tentatively described 
first by Eyster and Meek (49, 50). They took .x- 
rays of the heart in systole and diastole and 
calculated the corresponding systolic and dias- 
tolic volume by the Bardeen formula (51). The 
difference was found to be of the order of 70 cc. 
at rest and 95 cc. during exercise. This allows 
35-48 cc. for the stroke volume of each ventricle. 
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Obviously the x-ray fails to register some of the 
cardiac movement which is responsible for pump- 
ing blood. 

The advent of the x-ray kymograph tempted 
other investigators to investigate this problem. 
One of these (28) did not call the final result of his , 
calculations “stroke volume” but showed that the 
“Roentgen Kj-mographic Index” varied with the 
stroke volume. The other investigator (291 cal- 
culated the systolic and diastolic volumes of the 
heart from the silhouettes at systole and diastole 
by a modified Bardeen formula and showed that 
the difference agreed with acetylene figures for 
stroke volume. Aside from the fact that the acety- 
lene figures are too small one wonders why a 
method which, calculated in this manner from the 
silhouette of the whole heart, does not give the 
net volume change of the whole heart instead of 
that of one ventricle. 

The answer to this query can be made clear by 
the following experiment (52). Little pieces of 
silver wire were sewed to the AV groove and to 
various parts of the anterior ventricular wall, the 
chest closed, the dog allowed to recover, and the 
heart visualized fluoroscopically and photo- 
graphed. The evidence was clear that during sys- 
tole, the ventricular wall moves downward 
toward the stationary apex and that the major 
pumping movement of the heart is a movement of 
the AV septum toward the apex. This is of course 
an observation that was first made by Da Vinci 

(53) and was confirmed during the 19th century 

(54) . The x-ray kymograph visualizes only changes 
in the cardiac silhouette and is blind to the move- 
ments of the AV septum. Now it may well be 
that the lateral movements of the x-ray shadow 
increase and decrease with changes of stroke 
volume. At present, we are in no position to put 
them into a formula and come out with the stroke 
volume. 

The pulse pressure method has been in the liter- 
ature since 1904 when Erlanger and Hooker 
suggested that the output of the heart varies 
roughly as the product of pulse pressure and 
pulse rate (55). A third factor enters into this 
relation and that is the distensibility of the ar- 
terial tree since a given pressure rise in a disten- 
sible aorta would give a greater uptake (pro- 
portional to stroke volume) than in a more rigid 
aorta. 

To evaluate the distensibility of the aorta and 
its branches recourse is had to the pulse wave 
velocity. The slower the pulse wave, the more 
di.stensiblc the clastic tube along which the wave 
i.s propagated. The original equations of Korteweg 
(5G) and Moens (57) were modified by Brarawell 
and Hill (5S) to calculate the pulse wave velocity 
(l'l>) from the rise in prcssurc'P in mm. Hg cor- 
responding to the rise in volume V starting from 


the initial volume of the tube, V. The Bramwell 
Hill formulation is 

Vp = 0.357 VVaP/AV 

Now it is easy to find in the literature that this 
formula, and the original ones from \vhich it is 
derived gave an approximate idea of the relation 
between tube distensibility and pulse wave ve- 
locity. The correspondence between pulse wave 
velocity as measured and as calculated from dis- 
tensibility figures was not very close quantita- 
tively, so we decided to reinvestigate the 
reHtion (59) . 

The pulse wave velocities of a series of dogs 
were determined at a wide range of diastolic 
pressures using not only the natural pulse waves 
but also pulse waves produced by suddenly in- 
jecting into the aorta whose branches were tied 
known quantities of a viscous mixture of Ringer's 
solution and cellosize. The natural pulse wav'es 
and those made after the death of the animal 
showed the same relation between velocity and 
diastolic pressure. 

The aortas of these dogs were than cut up into 
10 mm. segments and each of these segments 
stretched laterally by applying a tension that 
gradually increased from 0 to 1000 grams over 1 
minutes time (60). The apparatus gave a plot of 
the relation between the half circumference of 
the aorta and tension. These values could be used 
to calculate the relation between internal pressure 
and contained volumes and the pressure volume 
relations could be used, in turn, to give a calcu- 
lated pulse wave velocity that could be compared 
with those actually measured before and after 
the death of the animat. 

As a result of many measurements we came to 
the conclusion that the pulse wave velocity cal- 
culation indicates a distensibility that is only 
about § that actually found to exist in the aorta. 
Over the range of 70-150 mm. Hg diastolic pres- 
sure, the aortic distensibility can be calculated 
from the measured pulse wave velocity, using the 
following formula 

Vp = 0.357 F'\/VaP/AV 

where the symbols have the same meaning as 
above and F is a factor which has a value of 0.8 
in man and between 0.6 and 0.7 in the dog. 

The addition of this factor is necessary because 
when the blood vessel wall is stretched quickly, 
it is more rigid than when it is stretched slowlj-. 
The distensibility under sudden increases in pres- 
sure determines the pulse wave velocity whereas 
the distensibility under sustained increases in 
pressure determines the aortic uptake and this is 
closely related to the stroke volume. To work out 
the qualitative aspects of this question, an appara- 



190 


FEDERATION PROCEEDINGS 


tus was designed to measure optically, increases 
in length of the half circumference of aortic rings 
as simultaneously measurable tensions were 
quickly applied. These quick stretch data were 
calculated to give pulse wave velocities and 
it was found that the classical equations with- 
out the factor F could be used to relate ini- 
tial quick stretch distensibility and pulse wave 
velocity quantitatively. The factor F is, therefore, 
a variable which accounts for the viscous re- 
sistance of the arterial wall to quick stretches. 
It is greater and more variable at low diastolic 
pressures because here the stretch is resisted 
mostly by smooth muscle. It is smaller and more 
constant at higher pressure levels because here 
the stretch is resisted by connective tissue fibers. 

In order to measure the aortic uptake in cc. 
from the pulse wave velocity it is necessary to 
know the diastolic capacity of the aorta in cc. 
Autopsy data are of no value because our 
measurements, confirming those in the literature 
(61, 62, 63) show that at diastolic pressures, the 
aortic capacity is two to four times that derived 
from autopsy measurement at zero pressure. 
■Whether it is two or four times depends upon the 
diastolic pressure and the distensibility of the 
aorta and this is what we are trying to measure. 

The only estimate of the diastolic size rvhicb 
does not seem to be purely an assumption (64, 65) 
is that of Bazett (66). He measured the stroke 
volume of a series of subjects by the Grollmai) 
method and found constants which when multi- 
plied by certain bodily dimensions, and corrected 
by age factors would give figures for the diastolic 
aortic size. These figures enabled him to use his 
pulse wave velocity figures to calculate the aortic 
uptake during systole and from this the stroke 
volume. The constants were then adjusted until 
the final result agreed with Grollman’s stroke 
volume figures. The constants will now have to be 
revised to take into account the viscosity of the 
aortic wall and the Cournand stroke volume. 

Ballistocardiography is the subject of two of the 
papers of the symposium. I will, therefore, confine 
my discussion to three points concerning which 
we have new evidence to offer. Starr’s develop- 
ment of the theory of the ballistocardiogram is 
based on the assumption that Machella’s hot wire 
velocity curve (67 is typical of the velocity pat- 
tern in normal man, and remains constant with 
various stroke volumes. Since the data were 
taken from a dog whose chest was open and whose 
heart rate was 240/min., the assumption is 
questionable. 

We have calculated cardiac ejection curves by 
-sununating the amount of blood which it takes to 
distend the aorta at successive levels as the pres- 
sure pulse contour develops and as the pulse wave 
goes down the aorta (6S), and adding in quantities 


to make up for arteriolar drainage which is said 
to be proportional to pressure minus 20, mm. Hg 
(69). The calculations are complex but when com- 
pleted give a curve which represents the summa- 
tion of cardiac ejection during systole. They are 
substantiated by the fact that w’hen the calcula- 
tion was made from the pressure pulse recorded by 
Wiggers and Katz (70) simultaneously with a card- 
iometer curve, agreement between the shape of 
the calculated ejection curve and that of the card- 
iometer curve was e.xcellent. 

Next an ejection curve was calculated from a 
normal human pressure pulse recorded from the 
lower carotid using distensibility figures derived 
from slowly stretching rings from a normal human 
aorta and pulse wave velocity figures from rap- 
idly stretching rings from the same aorta. A 
velocity curve was derived from the ejection 
curve (Fig. 2) . It differed in form frpm the Ma- 
chella curve, the velocity peak being much earlier 

( 71 ) . 

The data from which the ejection curve was 
assembled permitted us to calculate a force curve 
w'hich was roughly a summation of all the forces 
necessary to accelerate and decelerate blood in 
the U) heart, (B) ascending aorta and pulmonary 
artery, and (3) descending aorta. The blobd w'hich 
is moved and stopped by these forces is the blood 
necessary to fill successive segments of the aorta 
and pulmonary artery as the pulse wave advances. 
In calculating the velocities, accelerations, de- 
celerations and masses to obtain the sumated 
force curve, account was taken of the everchanging 
aortic diameters during systole and diastole. 
Details of the calculation are given elsewhere (71) ■ 

The force curve plotted as a recoil starts down- 
w-ard immediately with ejection and goes upward 
again as the column of blood in the heart, ascend- 
ing aorta, and pulmonary artery is first decel- 
erated. There is a downward thrust caused by the 
impact of blood in the descending aorta against 
the peripheral resistance and an upward and 
downward recoil as the similunar valves close. In 
addition, there are the later recoils which are 
coincident with the aortic standing wave system 

(72) . 

Now all of these forces are recoils to blood move- 
ment and measure the energies of cardiac ejection. 
Moreover, they alternate in direction at very 
frequent intervals. It is therefore, difficult to see 
how they may be ballistically summated by means 
of a low frequency recorder as could a single thrust 
followed by passive after vibrations. This view- 
point is emphasized by the results of recording 
the movements of the body relative to a low 
frequency ballistocardiograpb and simultaneous y 
of the ballistocardiograph relative to the floor. 
The ballistocardiograph made a typical low re 
quency record (73, 74) but the body made a recor 
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like that made on the high frequency ballisto- forces which should produce the I wave have 
cardiograph. Evidently, when a low frequency developed. Moreover, the I wave records only 
instrument is used, a great deal of the energj- about J the force which we calculate as necessary 
produced in the recoil to blood movements is lost to eject blood headward. This initial discrepancy 
in moving the body about on the bed. Moreover, in timing and e.vtent is hard to e.xplain. The delay 
when the acceleration of body and bed are multi- is certainly not due to slow recording because the 



Fig. 2. The construction of a theoretical force picture for the human ballistocardiogram. 

(a) Solid line, a velocitj' curve based on a theoretical human ejection curve. Broken line, a Machella 
velocity curve, as redrawn by Starr to linear coordinates, 

(b) The acceleration curve corresponding to the velocity curve given as the solid line in a. 

(c) Derived force curves; Solid line, the cardiac force attendant upon ejection., Broken line, the 
force representing movement of blood in the ascending aorta. Dotted line, the summated forces 
representing movement of Wood in the three segments of descending aorta. 

(d) Solid line, the summated derived force values. Broken line, the ballistocardiogram given by a 
high frequency baliistocardiograph (7). Dotted line, the corresponding record from a low frequency 
b-allistocardiograph (71). 

plied by their mass with due allowance for discrepancy is the same whether the recorder has 
damping, the force recorded for the IJ complex a high or low frequency. The lag in recording 
is much Ic.ss with the .«low recorder than with the the initial force is not due to slow transmission of 
quick recorder. stress as through the body because stresses orig- 

The I w.avc of cither the high or low frequency inating outside the body arc transmitted through 
hallistocardiogram starts 20 to 30 msec, after the the soft tissues of the abdomen and recorded 
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The key position of the kidney in the treatment 
of heart disease has long been recognized. It is 
beginning to be realized that it plays an important 
role in the cause of congestive failure (85). Salt, 
which handicaps the kidney in getting rid of 
water worsens heart disease (86) and mercurial 
diuretics which poison the reabsorbtive functions 
of the kidney tubules are given almost as a specific 
treatment for heart disease. The kidney in re- 
absorbing more water than is needed increases 
the interstitial fluid volume and pressure and 
reduces the osmotic tension of proteins in the 
pericapillary fluids. This leads to edema, to 
increased blood volume, to increased venous 
pressure and the chain of events which give rise to 
the disability of the patient. 

The manner in which the kidney is stimulated 
to undertake this relative increase in reabsorbtive 
function is not clear. The kidney may undergo 
some intrinsic change that makes it hyperirritable 
as in nephrosis. More probably it is a response to 
the pituitary antidiuretic hormone which is known 
to be secreted during exercise (87) conserving 
water against future need. The stresses of heart 
disease simulate those of exercise and may very 
well induce the excessive secretion of antidiuretic 
hormone which leads in turn to edema and in- 
creased venous pressure. 
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PRESENT STATUS OF THE BALLISTOCARDIOGRAPH AS A MEANS OF 
MEASURING CARDIAC OUTPUT 

ISAAC STARR 
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The ballistocardiogram (1) is more than a 
method of estimating cardiac output, for abnormal- 
ities of the size or shape of the record may be used 
directly to discover abnormalities of the heart 
and circulation; that is, one does not have to 
estimate cardiac output to make such a diagnosis 
in many instances. For this reason research de- 
signed to aid in the interpretation of ballisto- 
cardiograms has taken two directions. 

The 6rst is the empirical approach through ex- 
perience in the clinic. Thus, after long experience 
with the healthy had demonstrated the normal 
form and size of ballistocardiograms, I could 
cite cases in which abnormal ballistocardiograms 
were soon followed by the death of the patients, 
other eases in which changes in the clinical con- 
dition were followed by corresponding changes in 
the normality of the records, other cases in which 
therapy was followed by improvement in the 
records, and on the basis of such experience we 
would slowly learn to interpret ballistocardio- 
grams and so add to our knowledge of the con- 
dition of the patients who gave them. 

In the early days of the work we were faced 


with a difficult decision, whether to report the 
results obtained by measuring the record, and the 
normal standards, in absolute units such as 
dyne-seconds, or in the more familiar units of 
cardiac output. The fact that so few of my clinical 
friends had ever heard of a dyne was one of the 
factors which prompted me to take the bolder, 
perhaps some will think the rasher, course. But 
I do not doubt that authors using the empirical 
method will write many papers on the interpre- 
tation of ballistocardiograms without mentioning 
cardiac output at all. 

So it is the second, the theoretical approach to 
interpretation of the recorded impacts, which 
concerns us in this symposium. Indeed the problem 
is so fascinating for those with a moderate knowl- 
edge of mathematics that I find it hard to imagine 
any one pursuing the empirical approach ex- 
clusively. 1 propose, therefore, to spend the rest of 
the presentation assessing the ballistocardiogram 
as a method of estimating cardiac output. 

Advantages. A great advantage is the simplicity 
of operation from the point of view of both subject 
and operator. Ballistocardiographs must be 
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strong and carefully built, but once the apparatus 
is set up any technician can make the records, 
and there is no running expense except camera 
film and developing solutions. 

From the subject’s point of view the method is 
ideal, for he has nothing to do except lie relaxed 
on the table or stand on the platform. Indeed the 
recording apparatus could be so hidden that the 
subject did not know that a record was being 
made. I believe that this absence of disturbing 
factors is of great importance for the following 
reasons. 

In any quantitative method applied to man 
there are errors of two types; first, those inherent 
in the method itself, such as errors of measurement 
and of analysis; and second, those errors due to 
changes induced in the subject by the application 
of the method. Thus certain kinds of emotion are 
well known to increase cardiac output, and so, 
any method which might hurt, alarm or disturb a 
subject, will yield results difficult to interpret. 
For the changes induced by the emotion will not 
be predictable, they will vary with the tempera- 
ment of every subject. Also, they will tend to 
pass off as the experiment proceeds. I realize that 
skill in the technical procedures, care in the se- 
lection of subjects, their training, and reassurance 
will do much to minimize this error. Simultaneous 
measurements of oxygen consumption and pulse 
rate will help to detect it when present. It will be 
at a minimum in persons acquainted with lab- 
oratory methods and procedure. BuJ in dealing 
with the general run of patients the interpretation 
of results secured by a method likely to cause 
emotion is fraught with the gravest difficulty. I 
have no hesitation in claiming that the ballisto- 
cardiographic procedure avoids the emotional 
errors far better than any other method now in 
use. 

Ease of operation begets another great ad- 
vantage, that of multiple estimations. It is too 
often forgotten that a simple estimate before, 
and another after a stimulus designed to produce 
change, gives too little information. Before the 
significance of a difference can be assessed one 
must have information about the variability 
inherenti in the method and in the subject; not the 
vari.ability in the best subjects, but in the subject 
you are working on, at the very time you are 
working on him. Duplicate estimations have 
long been a requirement for chemists, a group of 
scientists with a long experience with quantitative 
methods. Physiologists and physicians have more 
recently emerged from the qualitative view point, 
and thej' have been slow to sec that multiplicity of 
estimations is a requirement of many investiga- 
tions. A simple cardiac output method permits a 
repetition of cstim.ates which will permit a de- 
cision about the significance of differences. 


Another advantage is that ballistocardiograms 
can be taken continuously and so the record per- 
mits insight into beat to beat changes in cardiac 
output and can be used to detect changes of short 
duration in a way impossible for more elaborate 
methods. 

Disadvantages . There are certain difficulties 
which make us realize that the ballistoeardio- 
graph will probably never be a method of the 
highest precision. We aim to record the perform- 
ance of one part of a complex dynamic structure. 
Since it is impossible to connect the instrument 
to the heart itself, or to adjacent structures, the 
forces generated by the heart are necessarily 
distorted in their passage through a long me- 
chanical train consisting of parts of the body, the 
clothing, the bedding if any, the ballistic table, 
the pick-up unit and finally the recording device. 
Each unit of this train will introduce a distortion 
depending in general upon its natural frequency 
of vibration and its inherent damping. Ideally 
each unit should have a natural frequency widely 
different from the frequencj' of the activity being 
observed. While we can approach these ideal 
conditions in the latter part of the train, the 
initial part of the train consisting of a portion of 
the body, which acts as a mass elastically sup- 
ported, with a high degree of damping, is beyond 
our control. In most patients the natural fre- 
quency of this system appears to be about 6 per 
second. 

These vibrations at approximately 6 per second 
were believed by Hamilton (4) to be due to blood 
surging back and forth in the aorta, but the fact 
that they remain at about the same frequency 
after death when aortic pressure has fallen, as 
they were during life, when aortic pressure was 
present (1) makes me, loath to accept this view 
rvithout reservation. It is true that there is a 
close correspondence between certain waves in 
the ballistocardiogram’s after-vibrations and 
waves in pulse records, but one must also recall 
that after-vibrations may be expected from vi- 
brations of the body mass on its elastic tissue 
supports. 

I believe these 2 sorts of vibrations may be in 
fact related. Any mass of inert material, con- 
taining within its substance fluid encased in an 
elastic membrane, would have properties which 
bear on the situation we arc discussing. If such a 
mass is moved, the fluid within it, tending to 
maintain its position by its inertia, would lag 
behind until the stretch of its elastic envelope 
developed sufficient force to move it. So the 
center of the fluid’s mass would be changed in 
relation to that of the inert material which con- 
tained it, and a diminishing back and forth motion 
of the fluid would be set up until the original 
situation was restored. So waves would be re- 
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corded by apparatus anchored in the inert ma- 
terial and recording from the fluid. Similarly, by 
any movement of the body, waves would be 
imparted to the blood within it, a fact to be kept 
in mind by students of the minutiae of pulse 
wave contour. 

However this may be, it has been demonstrated 
(1) that when known force is applied to the head 
of cadavers it is distorted in its passage through 
the bodj', chiefly by the production of after-vi- 
brations in this period of 6 per second. As the 
two main ballistic waves, I and J, were but little 
distorted, we depend on these as our chief guide 
to the nature of the forces which originated them. 

Our newest apparatus has a frequency of about 
15 per second, the older ones about 10 per second 
when loaded with 150 lbs. of rigid weight. The 
damping of the body is so great that it has not 
been found necessary to introduce additional 
damping into the system. 

Ideally the frequencj' of our apparatus should 
be farther away from the frequency we desire to 
record. In ballistocardiographs with a slow fre- 
quency respiratory movements interfere and the 
breath must be held before a satisfactory record 
of cardiac impacts can be obtained. Also the 
position of the diaphragm at which the breath is 
held makes a difference to the record, for the 
impacts are much larger when the diaphragm 
is held after inspiration than when it is held after 
expiration, doubtless because the elasticity of the 
stretched lungs increases the effective filling 
pressure of the heart. Difficulties such as those 
have made us prefer ballistocardiographs with a 
vibration frequency as high as we could make it. 
But while it is easy to build light apparatus to 
vibrate rapidly, when the human body must be 
supported the mechanical problem is much more 
formidable. Dr. Nickerson has explored the 
possibilities of low period apparatus more thor- 
oughly than we and will report his experience in 
the paper to follow this. 

The ballistocardiographic method also has 
limitations of other kinds. To get the best records 
one must avoid impacts from sources other than 
the movement of blood. Muscular movements 
being a major source of interference, the best 
ballistocardiograms are obtained with the patient 
lying relaxed. Almost all patients give satisfactory 
records when lying at rest. Records when the 
subject stands or sits arc satisfactory in .a smaller 
percentage of subjects, as muscular tremors ruin 
some records obtained from licalthy persons and 
a liigli percentage when the subjects are sick (2). 

As any movement made by the subject may 
affect the record I see no prospect whatever of 
estimating cardiac output by the ballistocardio- 
gram during muscular e.vercise, but on cane 


obtain satisfactory records directly after exercise 
has ceased. 

In vigorous breathing the respiratory move- 
ments cause impacts -which often confuse the 
record and sometimes render it useless. 

Such anatomical abnormalities as mitral val- 
vular disease causing regurgitation, septal defects, 
patent ductus and coarctation of the aorta may 
introduce errors although I suspect that they 
would not be large in most cases. 

Assumptions Used in Calculating Cardiac Out- 
put. The primary assumption is that Newton’s 
laws of motion apply to our problem, and I do not 
believe that this can be challenged. Therefore 
the size of the impacts depends on the mass of 
blood ejected and the rate of change in its velocity. 

The main uncertainty is concerned with the 
shape of the ejection velocity curve. The phys- 
iological data on the curve from the left heart 
are meager (56), and the curve from the right 
heart, non-existent. To get ourselves started we 
assumed that a curve obtained by Machella (6) 
from the aorta of a dog could be applied to both 
sides of the heart in man. It is the tenuousness of 
this assumption which makes the estimation from 
the ballistocardiogram an empirical method. 

Now it would be ridiculous to assume a curve of 
ejection velocity which remained the same at 
different heart rates. By equating the integral of 
our curve to the cardiac output we provide for its 
change of shape at different heart rates. Thus our 
mathematics (1) assumes that the curve is steep 
and tall at fast rates, more gradual and flatter 
at slow rates. All this sounds probable enough, but 
I call your attention to the fact that it is not 
based on physiological data. However, by means 
of this mathematical trick we are in a position to 
calculate cardiac output and test our results 
against those obtained by other methods. One 
can make qualitative comparisons over a large 
field and quantitative comparisons in a much 
smaller one. 

Qualitative comparisons. There is strikingaccord 
between our results and expectations about the 
circulation based on other data. Thus we find a 
larger circulation in big persons than in small ones, 
in adults than in children. Food, e.xercise, excite- 
ment and adrenalin (1, 7) increase the cardiac 
output. Hyperthyroidism is accompanied by an 
increased cardiac output (S), my.xedcraa by a 
diminished one (9). All this is exactly what is to 
be expected and I could greatly prolong the list. 
This general agreement witli expectations based 
on results obtained by other methods gives power- 
ful support to the general idea under which 
we arc working. 

But sometimes our results run contrary to the 
general view and I will mention one instance to 
show how the case for a new viewpoint can be 
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built up even without dependence on the cardiac 
output measurement. Faintness in the upright 
position is usually assumed to be due to pooling of 
blood in the lower parts of the body and lack of 
venous return to the heart. In a patient with a 
congenital hemangioma of the leg, in whom I 
demonstrated that blood did accumulate in this 
limb when she arose, the cardiac impacts di- 
minished and disappeared before she collapsed 
(10). But many patients, and also normal subjects 
given vasodilating drugs (2), have symptoms of 
dizziness and faintness when their impacts are as 
large, or even larger, than when they were without 
symptoms (10). That the symptoms are dile to 
cerebral anemia seems probable enough, but that 
this was due in turn to dependent pooling and 
lack of venous return is hard to reconcile with 
my results. It is conceivable that large impacts 
could be caused by a small amount of blood 
ejected at high acceleration, but if this is the 
situation why did not the patient in whom we 
know there was pooling show the same phenom- 
enon? So I am thinking of cerebral anemia due 
to maldistribution of the circulation, rather than 
to diminished cardiac output, to explain findings 
such as these. 

Quantitative comparisons. Quantitative com- 
parisons are available between the ballistocar- 
diographic method and two other cardiac output 
methods. In our first paper (1) we compared 
estimate^ from the ballistocardiogram with 
results obtained by the improved ethyl iodide 
method. While in some individual cases the agree- 
ment was not very good, the values calculated 
from the ballistocardiogram agreed with the ethyl 
iodide results almost as well as duplicates made 
by the latter method agreed with each other. 

Cournand, Ranges and Riley (11) compared 
ballistocardiographic results with those obtained 
from the direct Fick method, the development of 
which was so greatly to their credit. They found 
that the ballistocardiogram gave results which 
■■ averaged 1S;5% too low and attributed this to an 

. Dr in Bazett’s method (24) of calculating aortic 

izc which we had emploj'ed. When x-ray measure- 
ments of aortic size were substituted for the esti- 
mation the agreement between ballistocardiogram 
and Fick results was excellent. 

In a later investigation on shock more such 
comparisons were made. By adding results ob- 
tained on patients not in shock to the data men- 
tioned before, corrected according to Cournand’s 
suggestion for the systematic difference or by 
measurement of the aorta (11), there are 20 com- 
parisons available. In these the ballistocardio- 
grams’ results average 1.4% lower than the Fick 
results. The average deviation from the mean of 
the two estimates is 2.S2% and this can be com- 
pared with the corresponding figure for duplicate 


estimations made by the Fick method on the same 
individual. Cournand et al. (13 give this value as 
2.6%. Obviously after correcting for the system- 
atic difference the cardiac output as estimated 
from the ballistocardiogram agrees with that 
found by the Fick method almost as well as du- 
plicates made by the Fick method agree with one 
another. No better agreement could be expected. 

Systematic differences in cardiac output meas- 
urements have plagued workers in this field from 
the early days of Krogh and Haldane to the pres- 
ent. The difference between average results 
obtained by the ethyl iodide (14) and acetylene 
(15) methods on the one hand, and by the Fick 
method in Cournand’s hands (13) on the other, is 
the modern example. One wonders, of course, 
whether this systematic difference is not due to 
the greater emotional tension inherent in the 
right heart catheterization and arterial puncture 
which the Fick procedure requires, but if so, it is 
but little reflected in pulse rate and oxygen con- 
sumption, as Cournand et al. (13) have pointed 
out. Certainly the ballistocardiograph’s results 
contribute nothing to deciding which absolute 
value is correct for by altering the assumed 
ejection velocity curve I could make the calculated 
results agree with either. I have therefore resolved 
to dodge the issue for the time being by reporting 
results obtained from the ballistocardiogram, not 
in absolute values, but in percentage deviation 
from the average of healthy persons, as is done in 
estimates of basal metabolic rate. The greatest 
value of the ballistocardiographic method lies in 
detecting changes, both changes of cardiac output 
in single individuals, and deviations from the 
normal found in the sick; as yet it has contributed 
nothing towards estimating absolute values. 

Concerning Absolute Values in Cardiac Output 
Estimations. I cannot pass a discussion of ab- 
solute values without some reflections on the 
attempts to demonstrate the accuracy of results 
obtained by cardiac output methods. Years ago 
we attempted to assess the accuracy of our ethyl 
iodide procedure by perfusing the isolated lungs of 
a dog at a known rate while rhythmically inflating 
them with air containing ethyl iodide, and taking 
the appropriate samples (16). We obtained sat- 
isfactory agreement between the blood flow as 
calculated from the disappearance of ethyl iodide 
and the direct measurement, and this might be 
made the basis of a claim that, since results ob- 
tained by the ballistocardiographic method agreed 
with those secured by ethyl iodide, the ballisto- 
cardiographic method gives correct absolute 
values. But in my opinion such a claim would be 
completely unjustified, for, when isolated lungs 
are perfused we avoid some of the chief uncertain- 
ties of the ethyl iodide method as applied to man, 
such as those concerned with the recirculation of 
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blood. So I make no claim of absolute accuracy 
for my methods and would not be surprised to 
find that systematic errors, such as Dr, Cournand 
believes to be present, truly exist. 

On the other hand many persons have accepted 
the Fick principle as a standard without reali- 
zing that there was in the literature a comparison 
with an absolute measurement which showed that 
the Fick results averaged much too high. In 1897 
Bohr and Henriques (17) reported a study in which 
the Fick method was applied to dogs while cardiac 
output was measured by a stromuhr. In a few 
experiments the results agreed well but in most 
the Fick values were far too high. The discrep- 
ancy was the basis for the idea that there is an 
active oxygen metabolism in the lungs, a con- 
ception that has a few proponents today (18). 
Compared with modern methods these experi- 
ments were crude indeed, but apparently no one 
has repeated them and found agreement between 
results obtained by the Fick method and a me- 
chanical method. 

Many years ago when working in Dr. Richard’s 
laboratory on eviscerated rabbits I noticed, to- 
wards the end of the experiment, that the stream 
of blue blood ascending the inferior vena cava was 
joined by a stream of red blood from the renal 
vein, and that the two columns, instead of mixing, 
ascended the vena cava side by side until they 
disappeared from view into the diaphragm. Evi- 
dently one has no right to expect the blood in 
large veins to be completely mixed, so that the 
assumption that, when blood is drawn from a 
large vein, the sample represents a perfect mix- 
ture of the blood in it, is dangerous indeed. This 
may well be a major factor in the discrepancy 
found by Bohr (17), as Zuntz (19) believed; and 
recently it has been demonstrated by Holt and 
Knoofol (20) that even blood in the dog’s right 
auricle is not always completely mixed. 

On the other hand, confronted with the problem 
of mixing in experiments published in 1933 (21), 
wc demonstrated to our satisfaction, as had 
Stewart (22) before us, that blood in the aorta 
and pulmonary artery of dogs w-as completely 
mi.xcd. Obviously, therefore, it becomes mixed 
ns it passes through the heart and I have no 
doubt that Coumand’s newer technique (13) by 
wliich the sample is drawn from the heart, rather 
than from the great veins will result in real 
improvement is the accuracy of his method. .-Vlso 
the constancy of the results of repeated estima- 
tions on the same person, and the agreement of 
duplicates when samples are taken from more than 
one place in the right heart and great veins, arc 
mo.sl encouraging (13). But 1 would not have 
readers think that the field is farther along than 
it is. Wc still lack conclusive evidence of the ab- 


solute accuracy of results obtained by cardiac 
output methods. 

Limitations of Ike Present Cardiac Output For- 
mula. We have been calculating cardiac output 
from the following formula; 

Stroke volume = SSa/ (2 jidi + fJ dl)k -\/ C 

when fldt is the area of the I wave of the ballisto- 
cardiogram in millimeter seconds, and fjdt is 
the area of the J wave, when the calibration of the 
instrument is adjusted to that we employ. “A” 
represents the aortic cross section area and has 
been estimated for each subject from data com- 
piled by Bazett (24). “C” represents the duration 
of the cycle in seconds, and is estimated from the 
pulse rate. 

The general character of this formula was de- 
rived from our theoretical conceptions (1) and it 
was our plan to determine its constants by com- 
paring results obtained by it with those secured 
by the ethyl iodide method which we had been 
using for several years. It so happened, however, 
that, using the constants calculated from theory, 
the results agreed with those secured by the ethyl 
iodide method, so those constants were allowed 
to stand without adjustment. 

In the first paper on this subject (1) we pointed 
out that if the form of the ballistocardiogram was 
abnormal, cardiac output could not be calculated 
by means of our formulae. Abnormalities of impact 
form are seen chiefly in advanced heart disease and 
in three such cases the estimate made from the 
ballistocardiogram was much smaller than the 
result obtained by ethyl iodide (1). 

Also, in severe shock, Cournand et al. (12) 
have encountered another discrepancy, for in 
this condition the cardiac output calculated from 
the ballistocardiogram was far too large in com- 
parison with the Fick results. I was not unpre- 
pared for this finding because of my experience 
with cases of paroxysmal tachycardia, a condition 
in which the rapid pulse and low blood pressure 
have some resemblance to shook. In several such 
cases the balUstocardiogram suggested that the 
cardiac output per minute during the attack was 
considerably higher than when the patients rhythm 
was normal, a result very different from those ob- 
tained by other cardiac output methods. 

The cause of the failure of our formula under 
these conditions seems evident. It is the penalty 
we pay for our assumed ejection velocity curve. 
When the heart is diseased one has the right to 
believe that ejection “loses its snap”, so that 
maximum velocity occurs not early but late in 
systole and acceleration is accordinglj* reduced. 
The nature of the change in form of the b.allislo- 
cardiogram supports this conception. Our formula 
fails because it assumes more acceleration than is 
present. 
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Cournand’s data (12) indicate trouble in the 
other direction also. In his cases of extreme shock 
the pulse rate was very rapid, and the blood pres- 
sure extremely low. Obviously there was little 
pressure to oppose the ejection of blood and under 

such conditions a cardiac contraction of normal 

\ 

strength would cause a greater acceleration, and 
so a greater impact, than normal. Also at such 
very rapid rates the assumed adjustment of the 
velocity curve for different rates may not hold, 
the actual acceleration being more rapid than our 
assumption of it. Indeed Cournand (12) points out 
that the impact curves were changed in contour, 
having a sharp initial peak. I agree with his in- 
terpretation; under these conditions the ballisto- 
cardiogram gives too high values for cardiac 
output because the actual systolic acceleration of 
blood exceeds that assumed by our formula. 

In addition other types of difficulty may occur 
when the pulse rate is very rapid, for the after 
vibrations may persist until the following systole 
and so augment or interfere with the systolic 
impacts. 

These difficulties at extreme tachycardia raise 
the question whether the ballistocardiograph 
method is accurate at more moderate tachycar- 
dias. Although no direct comparisons are available 
at present the results obtained in a large series 
of cases of hyperthyroidism agree well with those 
obtained by other cardiac output methods (8). 
So we have the right to expect that we retain our 
usual accuracy over the range of pulse rate usually 
found in the clinic. 

Suggestions for improvement. I wish to conclude 
with several suggestions for improving the in- 
terpretation of ballistocardiograms. Almost com- 
plete preoccupation with war duties has prevented 
much progress on my part, but the direction that 
the advance will take, once the war is over, is 
becoming clearer to me. 

The main difficulty with the estimation of 
cardiac output from the ballistocardiogram lies 
in the assumed shape of the- curve of ejection 
velocity. So the most immediate question to be 
answered is; Why assume it at all, tvhy not esti- 
mate the ejection velocity curve from the shape 
of the ballistocardiogram? Iii- early papers we 
mathematically derived the shape of the normal 
ballistocardiogram from an assumed ejection 
velocity curve, so obviously, by reversing tlie 
method one could lake any ballistocardiogram and 
derive the ejection velocity curve from it. But 
the multiple integrations we performed in our 
original calculations make our method far too la- 
borious for routine use, and a simplification will be 
essential. I visualize a mathematical solution 
which would permit changing the constants of 
the formula in accord with the shape of the impact 
curve. A start in this direction was made in the 


first paper, and if successful it should extend the 
range of usefulness to include both shock and 
heart disease and probably improve accuracy all 
along the line. 

From a mathematical analysis only, for I have 
lacked the opportunity to experiment, I have 
concluded (23) that the factor representing the 
aortic cross section area, “A” in my formula is 
unnecessary, and that its inclusion in the formula 
was an error. I feel very happy about this for the 
method used to estimate “A” for any subject was 
derived from extremely scattered autopsy data 
(25). So its estimation contained very large errors, 
as Cournand et al. (11) have demonstrated. For- 
tunately the calculated cardiac output was effec- 
ted only by the square root of the errors so the 
omission of “A” and the incorporation of its 
average effect into the constants will not greatly 
effect the published results in most instances. It 
is true, however, that the use of “A” performed 
the empirical service of bringing together the 
average normal values for the different decades of 
life. Certainly the impacts of young people are 
larger than those of healthy old persons and with 
“A” discarded another means must be found to 
unify the normal standards. 

The same type of mathematical reasoning which 
caused me to discard aortic diameter as a factor, 
suggests that aortic length would be, and there 
is no provision for it at present in our formula. 

I visualize this factor, as of small importance in 
adults, but the first person seriously studying 
children must do some thinking along this line. 

The greatest number of people have asked me 
why the subject’s weight did not appear in our 
formula. They are visualizing a big man and a 
small man firing similar guns; obviously the recoil 
drives the small man further backward. But that 
is not analogous to our situation, in which move- 
ment of the body is restrained by the strong 
spring. One must think of the big man and the 
snial! man firing their guns while leaning back 
against a wall, in this case the force of the recoil 
goes through their bodies and into the wall. 
Their bodies transmit it without moving as a 
whole and so their weight docs not enter 
into the calculation. I do not think we know 
that the body moves as a unit from the impacts of 
the blood. A subject lying on a fixed table with 
only the soles of his feet in firm contact with the 
moving foot plate of our ballistocardiograph, 
gives a ballistocardiogram of the normal form, 
although it is considerably smaller than wc obtain 
by our usual technique when table and foot plate 
are rigidly connected. One must recall the behav- 
ior of the row of billard balls in contact, the cue 
ball strikes one end of the row and only the^ ball 
at the other end moves off; the force is tran.smitte 
through the mass without moving it. 



FEDERATION PROCEEDINGS 


201 


This line of reasoning applies only to ballisto- 
cardiograms with a high degree of restraint, it 
seems probable that the subject’s weight should 
appear in the formula for low period instruments 
like that of Dr. Nickerson (3) . However, no matter 
how great the restraint there is always some 
movement of the body and it is conceivable that a 
factor related to body weight would improve our 
results also. 

Finally, it is obvious that we need two ap- 
proaches to the cardiac output problem. The first 
aims towards a method in which everything is 
sacrificed to get the highest accuracy possible. 
The second aims towards a procedure so simple 
that it will have general utility. When these are 
attained we can correct the simple method in 
light of experience with the more complex. Prog- 
ress in both directions has so exceeded my ex- 
pectations that it seems reasonable to hope that 
we will soon be in a position to give real meaning 
to something about which doctors have talked so 
much and known so little, valid estimations of the 
strength or weakness of the hearts of patients who 
come to their care. 
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The purpose of this sj’mposium is to proiddc 
an opportunity for the presentation and discussion 
of the various aspects of cardiac output. In the 
following paper the author has attempted to 
present a simplified discussion of the thcorj' 
underlying the low frequency, critically-damped 
b:il!islocardiograph. The views expressed in this 
discussion arc obviously clomcntarj’, but such 
simplification is considered justified in view of the 
comidcxity of the problem. 

The application of ballistic principles to the 
measurement, of cardiac output offers, if success- 
ful, many advantages; for example, the measurc- 

' The work described in this paper was done 
under a contract , recommended by the Committee 
on Medical Besearch, between the Office of Sci- 
entific Bcscarch mid Development and Cohimbi.a 
University. 


ment of stroke volume under conditions which 
involve a minimum of disturbance to the subject, 
and the continual observation of cardiac output 
during changing physiological conditons. The 
values of the cardiac output obtained with the 
ballistocardiograph on normal subjects are in 
satisfactorj' agreement with the values obtained 
bj’ other methods (1). However, under .abnormal 
conditions such as those found in shock, the ballis- 
tocardiograph has in the p.ast, failed to give the 
correct values for the cardiac output (2). Tliis 
situation has led to an examination of the phys- 
ical properties of the ballistic system with a view to 
improving its accuracy, A preliminary investiga- 
tion (3) involved a survey of the type of ballistic 
record obtained with systems having a wide range 
of frequency and damping charactcri.stics. 

The present work is a study of the properties 
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of the ballistocardiograph having one of the 
specific conditions encountered in the previous 
survey. The natural frequency chosen for the 
ballistic bed was 1.5 per second and the damping 
was adjusted to critical damping for the total 
load as represented by dead weight. The selection 
of these conditions represents a reasonable com- 
promise between low and high frequency ballistic 
systems. Under the conditions of extremely low 
frequencies, only trained subjects can be used, 
since the control of respiration is essential. 
Conversely, in the high frequency range, the effect 
of resonance becomes excessive and results in 
the interference of patterns produced by succes- 
sive heart beats. The conditions chosen here 
permit the recording of the early events of the 
impact cycle, i.e., the footward and headward 
components which involve the full stroke mo- 
mentum, but minimize the later impacts produced 
by smaller portions of ejected blood undergoing 
smaller changes in velocity. This situation pro- 
vides a reasonable resting period between cycles 
making possible some increase of heart rate with- 
out interference of successive patterns. In 
considering the conditions selected it should be 
remembered that the primary objective has been 
the determination of stroke volume by measure- 
ment of the initial impacts. Therefore, the impacts 
occurring subsequent to the ejection merely con- 
fuse the patterns and quite properly can be 
eliminated or reduced if that can be accomplished 
without sacrifice of accuracy. 

In studying the response of the ballistic system 
to impressed oscillations the theoretical aspects 
of the problem have been carried beyond the 
first approximation in which the system is con- 
sidered as a simple damped oscillator, to a stage 
of one more degree of complexity, i.e., two coupled 
damped oscillators. 

The equations required to describe the situation 
are as follows: 


“ 2:2) 

al^ at 


= An Cos Wo t 

which represents the subject, and 
d‘X‘' dx-< 

(2) mt — — ‘ -f 62 — ■ -k -f a{.Xi — Xi) = 0 


which represents the bed . 

In these equations mi and are the masses of 
the subject and of the bed respectively, hi and l»2 
arc the damping constants, ki and fc- are the 
Hooke’s law coefficients, a is the coupling constant 
between the systems, and A® Cos Wo t represents 
one of the force components applied to the subject 
by the heart. The natural frequency of the bed for 
the total load (mi + m.) is 1.5 cycles per second. 


The force constant is therefore given by • fcj 
= 47rV‘o* (mi + mi). The damping which is 
critical for the total load, furnishes a value for 
bj from the relationship hi = 4fc2 (mi + mi). 
The values of the constants fci, 61 and fi, which 
are for the subject, are based on the estimate 
that fi is approximately 5 cycles per second and 
that 61 is about equal to the value for critical 
damping. 

The simultaneous solution of equations (1) 
and (2) yields a relationship between the ampli- 
tude of the bed movement A and the amplitude 
Ao of the movement applied at the heart. This 



Fig. 1. This figure demonstrates the computed 
amplitude of response of the coupled system to 
impressed oscillations of various frequencies. 
These amplitudes are relative to the value found 
with the impressed frequency of zero. Curve B is 
based on the damping constant of the subject 
taken as the critical value. Curve A is the same 
with the subject’s damping taken as § the critical 
value. Curve C is the frequency response of a 
single critically damped oscillator. The dots are 
experimental points obtained w'hen a mechanical 
oscillator is applied to the chest of the subject. 


is a complicated expression for which numerical 
values have been computed for several conditions 
and the results shown graphically in Fig. !• 
Curve B is the relative amplitude response cun^e 
for the coupled ballistic systems when the damping 
of the subject is the critical value. Curve A is 
similar wdth the damping taken as half the critica 
value. The dots represent the actual amplitu e 
response to mechanical oscillation applied to t ic 
chest of a subject; and the dotted curve shows t le 
response of a single critically damped oscillator. 
Since the experimental points lie fairly close to 
the theoretieal curves, it is believed that t e 
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equations of motion describing the coupled oscil- 
lators give a reasonable representation of the 
physical conditions in this particular type of 
ballistocardiograph. 

The choice of the uniform physical conditions 
of frequency and damping for all weights of sub- 
jects in the adjustment and use of the ballisto- 
cardiograph have made possible a general theo- 
retical approach to the estimate of stroke volume 
from the dimensions of the ballistic pattern. 
The value of this uniformity will become apparent 
as the discussion proceeds. In the present work 
the records obtained are simply the displacements 
of the ballistic system during the cardiac cycle. 
This type of recording is direct and convenient 
and permits easy calibration. 

The procedure followed in calibrating the system 
is illustrated in Figure 2. A displacing force of 


whore 


and 


6’ = 4 (nti •+• nil) k 


k ~ i (mi ■+■ mi) 

The general solution of this equation is of the form 
(4) {At + B) e--' 


where 


a = 2x/o 

Suppose now that the system is at rest and at time 
i — o, it receives an impact giving it a velocity U 
in a negative direction (footward). A short time, 
t\ seconds later when it has a displacement x,, 
the system receives another impact giving it a 



|< Q SBC — — — >1 

I I 

Fig. 2. This figure is a characteristic ballistocardiograph record and demonstrates the method of 
calibration. 


40 grams is applied to the system during the 
first few heart beats of a record and removed 
during the next few beats. This produces a de- 
flection of the base line of the pattern by a dis- 
tance equivalent to the calibrating force. By a 
simple proportionality it is possible to compute 
the force, P, corresponding to the deflection of 
the pattern between the first major footward and 
the first major headward movements of each 
cardiac cycle. 

The relationship of this measured force F to 
the stroke volume proceeds from the following 
argument which for convenience is based upon a 
simpler ciiuation than those presented earlier in 
this paper. Consider the system ns a critically 
damped oscillator described by the equation 

(3) (nil d* mi) ~r— -i- b ~ -1- fcr = 0 
tit- dt 


velocity CV in a positive direction (headward). 
The system reaches its maximum positive deflec- 
tion ij at time f: seconds after h. 

The overall deflection, D, of the system during 
these events is given by 


D = X. — X,— UtAc 


(5) 

(6) or 


-oSi 


D = UtiR 


, a>(, <Ail 


In this e.vprcssion a = 9.4 and C, which is the ratio 
between the headward and footward impacts has 
been assigned a value of 1.75. It is possible to 
measure fi and 1; on the pattern and compute the 
value of R. It is obvious that C is not quite the 
same for all subjects, but can vary between flic 
limit.s of 1,3( and 2.00 depending on the claslic. 
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properties of the arterial tree. The value assigned 
above is satisfactory for most subjects. 

The evaluation of the quantity C proceeds ac- 
cording to the following argument. During the 
acceleration phase of the systolic ejection the 
heart as a whole undergoes a footward recoil, a 
reaction which it communicates to the rest of the 
ballistic system. Conversely during the decelera- 
tion phase of the ejection a headward recoil is 



Fig. 3. A diagram showing the displacement and 
velocity curves for the ballistic system as com- 
puted from the equation for the single critically 
damped oscillator. Curve A represents the dis- 
placement of the system when the footward impact 
velocity U is followed 0.09 second later b 3 ' a 
headward impact of value 1.75U. Curve B is the 
resulting movement when the same impacts arc 
given the system, but where the interval h is 
only 0.03 second. Curves a and b are the corre- 
sponding velocity curves. Curve C represents the 
movement of the system when a footward impact 
of value 0.75U is given to the system (as repre- 
sented by curve A) at a time when U equals 0.13 
second. 


produced. This deceleration is produced not onlj- 
by a decrease in muscular activitj- of the heart but 
also by the increase in jmessure against which the 
ejection is occurring and is therefore dependent 
upon the dimensions of the ejection space and its 
el.astic properties. If no further impact reactions 
became operative one could s.a 3 ’ that these two 
successive and oppositeh' directed impulses are 
equal in magnitude. It should be remembered 
at this point that if the problem is approached 
through a consideration of the forces active in 


producing the momentum of the ballistic S3’stem, 
then not only the magnitude of the forces but also 
the duration of their activity must be considered. 
This of course follows from the principle that the 
momentum produced b 3 ' a force is equal to the 
magnitude of the force multiplied by the length 
of time during which it acts. 

The problem of the headward and footward im- 
pulses is not quite as simple as discussed in the 
preceding paragraph. There are at least two more 
important impulses active in the S 3 'stem. The first 
of these impulses is due to the reversal of the blood 
turning the arch of the aorta. This change of direc- 
tion effectiveh" doubles the headward momentum 
contribution of that particular portion of the blood 
and leads to a value of C of about 1.37. It should be 
noted that it does not particularl 3 * matter whether 
this impact is considered to increase the headward 
impact or to decrease the footward impact. The 
second impulse is due to the overdistension of-the 
arterial tree on stoppage of the blood going head- 
ward. This produces a temporar 3 ' storage of some 
of the energy of the blood as potential energy, this 
energ 3 ' being quickl 3 ’ retransfornred into kinetic 
energy and the blood given a footward push. This 
suggests that there is a reversal of direction of 
movement of considerably more blood than is 
known to move down the abdominal aorta. The 
excess of the headward over the footward impacts 
does not mean that the law of the'eonservation of 
momentum is violated, for the balance of the foot- 
ward momentum appears later either as a second 
footward swing following fj in Fig. 2 or else is neu- 
tralized in the premature stoppage of the upward 
stroke at ( 2 . 

The time relationships of the displacement and 
of the velocit 3 ' of this ballistic S 3 "stem are shown 
in figure 3. In this illustration when the footward 
movement has a short duration, ti = 0.03 sec., the 
deflection of the S 3 ’’stein is 55 units. Similar^' when 
the footward movement is of longer duration, b = 
0.09 sec., the deflection is 77 units. By applying 
now, to each its appropriate correction R, these 
become effectivel}’^ equalized, i.e., 55/1.10 = 50 
units and 77/1.54 = 50 units respectively. This 
computation illnstrates the effectiveness of equa- 
tion (6) in determining the correct relationship 
between U, the initial impact velocit 3 ' of the ballis- 
tic S 3 'stem, and D, the displacement of the s 3 ’stcm. 

The force, F, which is equivalent to the cor- 
responding deflection,!?, is related to it b 3 TIookc s 
law as expressed in the equation 

(7) 980 F = 4 ^ 2 / 0 = (nil + md T> 

It is therefore possible to determine the velocit) 
of the ballistic bed at the time of the first footward 
movement b 3 ' the combining of equations (G) and 
(7), i.e., 
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(8) U = 11.05 F/(mi + ?«:) Rk 

At the time of this initial footward impact the 
relationship between, m, the mass of blood ejected 
per stroke, v, the average velocity of ejection, 
(mi + mOi the mass of the ballistic system and V, 
the average velocity produced by the impact, is 
given by the law of conservation of momentum, i.e. 

(9) J)iv = (mi + nii) U 

On substituting in equation (9) the value of V 
from equation (8) and assuming that the density 
of blood is 1. 05, the stroke volume is given by 

(10) 5= 

l.UO 

It has been considered wiser for the following 
reasons to determine the numerical constant B 
in equation (10) by comparison with the direct 
Pick rather than to depend on the theoretical 
figure. First, that while the impact force P was 
calibrated against a static force it actually arises 
in an oscillatory manner from successive, oppo- 
sitely directed impacts and therefore requires an 
amplitude response correction factor. Second, the 
force Parises from the movement of blood on both 
sides of the heart and we are assuming that in 
general the quantity of blood moved and its 
velocity are identical in both portions. 

Several methods of estimating v, the average 
velocity of the blood ejected at systole, are evi- 
dent. The first approach considers that the 
velocity is related to the stroke volume, S, the 
aortic cross-sectional area, A and the duration of 
systole, 2', tiirough the equation 

( 11 ) a = S/Ar 

The equation for stroke volume becomes 

(12) ^ = VBTFA/Rhc.c. 

wliich resembles the form of equation used by 
Starr (1). 

A second method assumes that since the blood 
must be ejected into the aortic tree against an 
avcr.ngo resistance proportional to the average 
systolic jiressuro, Pa — (pc + pj)/2, then its veloc- 
ity will vary inversely with p<, or some power 
thereof. In the present experimental work (4) 
it 1ms been found that t.aking r .ns inversely pro- 
portional to \/^ is a fairly satisfactory empirical 
assumption. In this ease the equation for the 
stroke volume is 

(13) S = 0.029 F c.c. 

where the constant has boon determined by em- 
pirical calibration with the direct Pick. 

The third method of ev.aluating v depends on 
the ineiisurcmcnt of the time required for the blood 


ejected to travel some measurable distance in the 
ejection space. The time interval selected was the 
time from the beginning of the footward movement 
to the completion of the headward movement, i.e/, 
(fi 4- h ) . The distance involved is related to the 
length of the pulmonary artery and to the length 
of the ascending aorta. Specifically it has been 
assumed to be proportional to L, the length of the 
ascending aorta. 



Fig. 4. A comparison of the cardiac output as 
computed by equation (13) and as measured by 
thq direct Pick method. The small tips on the dots 
can be used to identify repeated measurements on 
the same subject under different physiological 
conditions. 

Tljc stroke volume will therefore be given by 
the equation 

(14) 5 = 9.6 F (/, -f i 2 )/RLt- c.c. 

where the constant has been determined by em- 
pirical calibration with the direct Fick. 

Equations (13) and (14) have been used to com- 
pute the cardiac output of 47 subjects for whom 
direct Fick measurements were made at the same 
time as the ballistic measurements. Since a com- 
plete description of this work is in preparation for 
publication (4), it will be sutlicicnt to demonstrate 
now the correlation between the computed and 
measured cardiac outputs. This correlation is 
shown in Figs. 4 and 5. 

The agreement between the computed and 
measured values is promising. Tiiore are however, 
a few points whicli arc badly out of line. One such 
point as indicated on Fig. 5 is due probably to an 
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error in the Fick. Some cases in which the ballistic 
values are too small illustrate the possibility that 
the maximum headward swing occurring at the 
end of the interval (2 is not attained by a natural 
development of the movement of the system in 
that direction, but is rather caused prematurely 



Fig. 5. A comparison of the cardiac output as 
computed by equation (14) and as measured by 
the direct Fick method. The solid dots represent 
those cases for which the aortic length was meas- 
ured from x-ray plates. The open circles are the 
cases where L was considered proportional to the 
height. The numbers indicate the following special 
circumstances; 1, stabbed heart; 2, congenital 
heart disease; 3, mitral stenosis; 4, rheumatic 
heart disease; 5, paroxysmal tachycardia, heart 
rate 182; 6, cor pulmonale; 7, A. I. chronic failure; 
8, evidence exists for an error in the Fick deter- 
mination. 

by a footward impact, which was discussed earlier 
in this paper. The computation of a correction for 
this error is not simple and has not been com- 
pleted. 


The preceding elementary discussion of the 
origin of the ballistocardiograph pattern and its 
relationship to the cardiac stroke volume is made 
possible by the standardization of the ballistic 
system for all subjects. The assumptions involved, 
namely, the use of an equivalent impact velocity 
“17”, instead of the variable velocity known to 
exist, the use of the quantity “C” as a constant, 
w'hereas it is a function of the physical properties 
of the vascular system, the methods of estimating 
“r” the mean stroke velocity and the assumption 
that is the same on the pulmonary as on the 
aortic side of the circulation, are all simple con- 
cepts, yet they combine to give stroke volumes 
surprisingly close to the measured values. Con- 
sequently, a more rigorous investigation of this 
problem will be attempted. 

Conclusions and summaey. 1. The low fre- 
quency critically damped ballistocardiograph has 
been considered as the equivalent of tw'o coupled 
damped oscillators. The theoretical relative am- 
plitude response to impressed oscillations isin fair 
agreement w’ith the experimental response. 

2. An elementar 3 '’ theoretical discussion of the 
relationship between the impacts of the blood 
during a portion of the cardiac cycle and move- 
ments of the ballistocardiograph has been pre- 
sented. 

3. Three equations for estimating stroke volume 
have been formulated. Two of these equations 
have been used in the computation of cardiac out- 
put for 47 subjects. The agreement between the 
computed and the measured values is in general 
promising. 
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In a short note published in 1S70, (1) A. Fick 
predicated the calculation of cardiac output upon 
the measurements of O 2 or CO; content in the 
arterial and in the mixed venous blood, and of the 
total oxygen intake or carbon dioxide elimination 
by the lungs per unit of time. The two following 
formulae may therefore be used to calculate the 
volume of blood flowing through the lungs per 
unit of time, i.e. the right ventricular output and 
assuming dynamic equilibrium between both 
ventricles the result may be extended to deter- 
mination of the output of the left ventricle ; 

Cardiac output (mil per min.l 

(1) 0; intake (mil per min.) ^ 

~ Arterial 0; vol. per cent 

—Venous 0; vol. per cent 

Cardiac output (mi! per min.) 

(2) = CO; output (mil per min.) ^ 

Venous CO; vol. per cent 
—Arterial CO; vol. per cent 

The practical difificulty which prevented for 
nearly 60 years the ready application of these 
formulae to measurement of cardiac output in 
human subjects has been that of obtaining samples 
of mixed venous blood. With the development of 
the technique of catheterization of the right heart 
this difficulty has been overcome. In 1929, W, 
Forssman (2) demonstrated on himself, that it was 
feasible to introduce an x-ray opaque ureteral 
catheter of very small size, through a large needle 
into a brachial vein, and by following its progress 
in the venous system by fluoroscopy to place its 
distal end into the right auricle. In 1930, 0. 
Klein (3) reported II successes in IS attempts at 
placing a catheter in the right heart by using the 
same tcclinique and in 3 cases obtained blood sam- 
ples for the determination of A. V. 0; difference. 
From 1930 to 1939 the technique of right heart 


‘ The work described in this paper was done 
under a contract recommended by the Committee 
on Medical Research, between the Office of Scien- 
tific Research and Development and Columbia 
University. Unpublished data by A. Cournand, 
R. L. Riley, E. Breed, R. Bloomfield, H. Lauson. 


catheterization has been widely used in Europe 
for injecting contrast substances in order to visu- 
alize the right chambers of the heart and the 
pulmonarj' vascular tree (4) (5) (6) (7). 

During the past 4 yeans, our group has acquired 
wide experience with this technique (8), and has 
developed a method for determining cardiac out- 
put in man which can be used in almost all forms 
of disease and injurj' and permits repeated meas- 
urements over periods of several hours. This 
method causes no discomfort to the patient beyond 
that attendant upon the insertion of an indwelling 
needle in the femoral arterj’ and cutting down a 
basilic vein for introduction of the catheter in the 
venous system, both under novocaine anesthesia. 
It has proven its safely in well over 1,200 cases, not 
only in ours but in the hands of a number of other 
investigators in England and in this country, ft 
has become an integral part of a genera! meUiod of 
study of the circulation, including intracardiac 
and arterial pressure measurement and recording, 
blood volume determinations, respiratory gas 
exchanges in lung and tissues. 

General considerations concerning technigue. The 
latest improvements in instrumentation and re- 
finements in the technique of right heart cathe- 
terization and femoral arterj' cannulization have 
been described in detail in a recent paper (9). They 
reflect the ingeauitj' exercised by various members 
of our team and are the result of much cooperative 
thinking. Beside promotion of an absolutelj' safe 
method, some of our main concerns were : preven- 
tion of pain and discomfort, ease of manipulation 
of the catheter inside tlie large veins and right 
heart, and the proper placement of its tip so as to 
obtain representative sample of mixed venous 
blood. The development of a catheter opaque to 
x-raj's, still verj' flexible and provided with a 
slight curve in its distal S cm. was of great help in 
solving the problem of placing properlj' and 
checking easily on the position of the tip of the 
catheter through the heart’s shadow. 

In our experience the optimum position is ob- 
tained with the tip of the catheter, 1 or 2 cm. above 
the diaphragm and rotated so as to point mediallj'. 
Rapid successive samplings in tliis position and 
in one of two other positions namely, 3 to 4 cm. 
nearer to the superior vena cav.a and nearer to or 
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inside the terminal part of the inferior vena cava 
show sometimes large discrepancies. As a rule the 
CO» and O 2 contents tend to be respectively lower 
and higher in the sample drawn near the superior 
vena cava, while the converse is true of the samples 
drawn from the inferior vena cava. If the tip of 
the catheter is directed towards the right lateral 
border of the atrium, contact with the wall may 
cause intermittent obstruction of the terminal 
“eye” and prevent easy withdrawal of blood. 
The samples obtained then may or may not check 
with samples obtained with the catheter in the 
optimum position. 

Location of the catheter in the optimum position 
being the first condition of success with this 
technique, the second is the development of a well 
trained team, operating smoothly without un- 
necessary motions and words so as to upset the 
patient as little as possible, and efficient in collect- 


Apparently the validity of the Pick principle 
cannot be challenged, provided it is admitted a, 
that small inequalities in output of both ventricles 
are cancelled over a succession of cardiac and re- 
spiratory cycles, b, that the measured output is 
actually the effective ventricular output and docs 
not include eventually blood regurgitated through 
the A-V valves, and c, that the oxygen displaced 
from the inspired air is not utilized in the lung 
for any other purpose than transport in the circu- 
lating blood. The equation derived from the Pick 
principle is however, correct only if the four re- 
lated terms, namely: cardiac output, O 2 intake or 
CO 2 output, arterial and mixed venous blood O 2 
or CO 2 content, do not vary in function of time 
or if their variation around a mean is indeed small. 
A critical analysis of the method should therefore 
include an evaluation of the variability of serial 
measurements, of arterial and mixed venous blood 
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Pig. 1. Frequency distribution diagrams showing O 2 and CO 2 content differences in blood withdrawn 

successively from right ventricle and auricle. 


ing and handling multiple samples and in checking 
upon many details. With such a team we have been 
able not only to carry out multiple determinations 
at very short intervals but to make repeated de- 
terminations in cases of severe disease and trauma 
over periods of time lasting more than 12 hours. 

Yalidily of Ihc method. Having solved the prob- 
lem of sampling simultaneously blood from the 
right heart and the .arterial system, while causing 
the patient minimal disturbance, it would seem 
that our only remaining concern would be to esti- 
mate the magnitude of the errors involved in the 
analysis of the samples, in other words determine 
the limits of technical error in the method. 

Contrary to Grollman’s statement, to the effect 
that “The direct Pick method is so direct and un- 
equivocal that the results are open to no possible 
c.avil”, closer scrutiny of the problem indicates 
that a number of questions have to be answered, 
before accepting the results obtained with the 
method as representing trulj' the output of the 
heart. 


gas content and of total O 2 intake or CO 2 output 
in subjects maintained in a stable state. 

The validity of samples withdrawn from the 
right atrium as representative of true mixed ven- 
ous blood has been questioned seriously. Evidence 
has been presented to the effect that in dogs right 
auricular blood may differ from right ventricular 
blood in O 2 content (10) . N o mention is made how- 
ever, in this work of anj’’ control of the position 
of the catheter in the right auricle bj' x-ray. It is 
entirely possible that poor mixing may exist in 
some areas of the atrium with persistence of 
stream line flow of blood coming from the superior 
and inferior vena cava and even from the coronary 
sinus. If ventricular blood is acceptable as true 
mixed venous blood, comparison of samples with- 
drawn successively, in short order from the ven- 
tricle and from the auricle or if possible simultane- 
ously is the only means of testing this hypothesis. 
The frequency distribution diagram seen in figure 
1, show separately ventricle-atrial O 2 and CO: 
content difference in samples withdrawn from the 
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two right heart chambers, in rapid succession (the 
average time interval being 3 minutes), in 31 
cases. The average difference for 0; and CO* 
content regardless of sign was respectively 0.25 
vol. % and 0.63 vol. %. The 0* content tended to 
be slightly higher in the auricle than in the ventri- 

TABLE 1 

Vanalion of carbon dioxide and oxygen content in 
mixed venous blood sampled simultaneously 
from the right ventricle and auricle with 
a double lumen catheter 


SUBJECT 

TlilE 

CAUBOK DIOXIDE 
COKTEKT 

OXYGEN CONTENT 

Auricle 

Ventricle 

Auricle 

Ventricie 


mittfsec. 

Ml. 9o 

rot. % 

rot. % 

Ml. % 

J. K. 


49.1 

49.5 

9.1 

9.3 

X. Be. 


48.4 

4S-5 

17.3 

17.1 

G.G. 


52.7 

52.9 

S.G 

8.8 

P. W. 


49.1 

49. G 

14.8 

14.8 

F. Mo. 


43.4 

43.9 

10. 1 

lO.l 

J. Cr. 

0 


4S.S 


16.7 


6:00 

47.5 

4S.4 

16.4 

16.5 


11:00 

48.5 

47.7 

16.5 

16.6 

A. Po. 

0 

51.8 

54.4 

S.5 

9.1 


1:00 

53.S 

54.6 

S.l 

8.6 

F.Ce. 

0 

49.7 

49.7 

14.4 

13.9 


0:30 


49.9 


13.7 


2:30 


4S.9 


13.9 


5:00 

50,0 

50.0 

14.4 

13.9 

M. D. 

0 

60.5 

Sl.T 

16.2 

16.2 


1:00 

49.0 


10.2 



2:00 

49.1 


16,4 



mention a, unstable physiological state, b, lack 
of control of the exact position of the catheter in 
the atrium. 

The same arguments of unstability or inade- 
quate control of the position in the auricle may 
not apply to samples withdrawn simultaneously 
from both chambers of the heart with the help of 
a double lumen catheter. This catheter specially 
designed for the purpose of simultaneous sampling 
and pressure recording at two separate sites of the 
venous system, in the two chambers of the heart, 
and even in the pulmonary artery and right ven- 
tricle, has two separate lumina, the distal orifices 
of which are 8 cm. apart. As shown in table 1, of 
the 9 cases where simultaneous samples were taken 
from the right ventricle and auricle, the agree- 
ment for the O 2 content was excellent in 7 cases 
and the discrepancies in the remaining two not 
over 0.5 vol. %. Differences between the CO* con- 
tents were somewhat greater in a few instances. 

The question of the constancy of the arterio- 
venous difference during collection of expired air, 
has been studied in a few cases. Experiments of 
the type exemplified in table 2 should be multi- 
plied. The variation in arterial and mi.ved venous 
blood 0* contents in samples drawn everj' minute 
for 3 minutes, are quite small in this case, whereas 
the variation in CO: contents are somewhat larger. 

Greater discrepancy between the carbon dioxide 
contents of ventricular and auricular blood than 
between the 0* content, is not unexpected, since 
slight alterations in respiratorj' or circulatory 


table 2 


Variation m carbon dioxide and oxygen A-V differences in successive samplings 


SAMPLING 

TUTE 

INTERVAL 

CO» CONTENT 

Oj content 

COj V-A DIFF. 
Oj A-V diff. 

Vol. To 

A-Vdiff., 
vol. % 

Vol. Tc 

A-VdiCf., 
vol. % 

Start collection of expired air.. 

0 






Mi.xed venous blood. 

0:I5-0;30 

4S.S 


21.9 



Arterial blood • 

0;30A):45 

41.8 

7.0 

19.1 

- 7 ** 

0.97 

Mixed venous blood 

1:15-1:45 

50.1 


12.1 



Arterial blood ... .... 

1:30-2:00 

43.1 

7.0 

19.1 

7.0 

1,00 

5ttxc<i venou.s blood 

2:35-2:50 

49,8 


12.1 



Artcrialblood 

2:45-3:00 

43,3 

6.5 

19.3 

7 

0.90 

End collection of expired air . . 

3:00 







Average COs output = 222 cc./min. 
Average Oj intake «= 275 ec./min. 
Avcraj:e R-Q. O.Sl 


« COj V.A Diff. ^ 

Avras»-^-: y - pig- 


do. Tliis tendency appears more pronounced in the 
lower histogram, constructed on the basis of data 
obtained by Stead and his group in 19 cases (11). 
The spread in the distribution is greater and the 
difference in O; content between ventricle and 
auricle, regardless of sign, averaged 0.6 vol. 
Why this difference in the two scries, is not 
altogether dear. Among factors which may invali- 
date such comparative measurements I may 


equilibrium change continually the CO: content. 
With ventricular samples, the blood R. Q., i.e., 

. CO: V. A. difference 

ratio 

0; V. A. difference 

docs not check the respiratory gas R.Q. any better 
than w-ith auricular samples. This requires further 
investigation and an attempt should bo made to 
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correlate by repeated fractional samplings of blood 
and expired air, the CO 2 variations. The argu- 
ments that a close check between Blood R.Q. and 
respiratory gas R.Q. is a good indication of an 
accurate experimental technique (12) is no longer 
tenable especially in view of the fact that an 
excellent check may be obtained with the venous 
blood sample purposely withdrawn high in the 
superior vena cava. 

Constancy of the O 2 consumption and of the A- 
V. O 2 difference has been further tested in the fol- 
lowing manner in 22 subjects (table 3). A first 
measurement was made not sooner than 30 min- 
utes after the catheter and the arterial needle had 
been placed; the second measurement was repeated 
on an average 50 minutes later. All subjects had 
been fasting for at least 16 hours and were main- 
tained as comfortable as possible in the supine 


(2) Occasionally auricular blood may be poorly 
mixed, indicating persistance of laminer flow in 
the atrium. 

(3) The O 2 arterio-venous difference, being more 
constant than the CO 2 arterio-venous difference, 
cardiac output should be calculated on the basis 
of the O 2 data. 

(4) A stable physiological state may be main- 
tained for long periods of time with proper tech- 
nique, persistent an.xiety in most subjects being a 
negligible factor. 

Besides analysis of the constancy of measure- 
ments made over short intervals of time, a critical 
evaluation of any method used to appraise changes 
in physiological or pathological states should in- 
clude measurements made on separate dates. 
Constancy of findings in two normal subjects, 
studied repeatedly has been reported (9). In one 


TABLE 3 


Measurmenis of Oa consumption and CO^ arterio-venous difference, repeated at an average time interval of 50 

minutes in 22 subjects under basal metabolic conditions 


SUBJECT 

Oj iNTAia: 
cc./m.Vb.s. 

A. V. O’ DIFFEREKCE 
VOL.% 

StTBJECT 

0: INTAKE, 

cc./m.Vb.s. 

A. V. Os DIFFERE.VCE 
voufo 

1 

2 

1 


1 

2 

1 

2 

Normals 

■■ 









P. McK. 


140 



Chronic pulmonary 





L. S. 

mSm 

157 



diseases 





P. K. 


94 


4,0 

M. K. 

167 

167 


4.8 

E. D. 

mm 

124 


4.7 

A. B. 

152 

159 

5.1 

5.1 

y.c. 

116 

120 


3.6 

G. J. 

128 

140 

4.8 

4.9 

J. Jl. 

131 

128 

4.0 

4.0 

N. K. 

142 

120 

4.6 

4.5 

J. M. 

144 

136 

4.6 

4.3 

V. M. 

122 

125 

5.0 

5.5 

H.W. 

135 

141 

4.5 

4.5 

D. M. 


155 

3.0 

3.6 

W. O’B. 

15S 

138 

5.5 

5.3 

H.T. 

mm 

160 

mm 

4.6 

Cardiacs 





C. 

1 9 

162 


4.2 

E. S. 

142 

159 

5.5 

5.5 

J. T. 

■ ■ 

127 

5.1 

5.3 

T.C. 

153 

141 

5.9 

6.1 

J. C. 


171 

4.7 

4.5 

E. S. 

lOS 

129 

6.4 

7.0 

T. D. 

III 

162 

4.1 

4.1 


position. In the group of 9 normals the O 2 con- 
sumption was well within the normal range of 
variations of basal metabolism. In the entire 
group, O 2 consumption and A-V.O 2 difference did 
not vary greatly from one measurement to an- 
other. The average deviation from the mean of 
duplicate measurements of cardiac output, 
calculated from these data was 2.64% in the 
group of 9 ‘^normals”, 4.21% in the group of 
chronic pulmonaiy disease, (including cases of 
pulmonary fibrosis, emphysema, lung resections), 
and 3.73% in this entire group, including in addi- 
tion, 3 cardiacs. 

In summary the following tentative conclusions 
drawn from these comparative studies would seem 
justified; 

(1) True mixed venous blood, may be obtained 
from the atrium in most instances, provided the 
catheter is properly placed. 


subject, the range of cardiac output per m2 B. S. 
in 6 separate determinations made over a period 
of 5 months, was from 2.85 l./min. to 3.28 l./min., 
with an average value of 3.09 l./min. In another 
subject, two measurements of the cardiac output 
per m2 B. S. made two years apart were respec- 
tively 2.12 l./min. and 2.31 l./min. These studies 
are still too few and will be extended when circum- 
stances permit. 

Standard values in iiortnal man and qvantdotne 
comparisons with other methods. Measurements 0 
cardiac output were made in a small group of 
normal healthy individuals (9), at least 16 hours 
after the last meal, in the recumbent position an 
approximately i hour after placement of the 
catheter and the arterial indwelling needle* The 
flow of saline through the catheter, to prevent clot 
formation inside its lumen was reduced consider- 
ably (approximately 300 cc. for a period of 6 hours) 
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by addition of a small amount of liquid heparin 
(1 cc. per 1000 cc.). These normal individuals had 
been admitted to the hospital or in the clinic for 
minor complaints. Individuals of this type have 
been found, as a group, to develop less restlessness 
and anxiety in the course of the procedure, than 
other groups of volunteers, such as laboratory 
assistants, students, phj'sicians and conscientious 
objectors. Statistics have been calculated in this 
group and compared to statistics calculated in two 
groups of normal males, previously reported by 
Starr and Nylin and studied bj' the ethyl iodide 
and acetylene methods. The analysis of signifi- 
cance of difference indicates that the 3 groups 
were similar so far as concern age, bodj' size, 
pulse rate and 0; consumption. 

Cardiac output however, by our technique was 
3.12 l./min./m.2 of B. S. or 26.8% higher than by 
either the ethyl iodide or acetylene methods. The 
oxygen arterio-venous difference by the direct 
Pick method was correspondingly smaller (4.5 
vol. %). 



Fig. 2. Simultaneous recording of E. C. G., 
femoral artery and auricular pressure curves. 
Vertical line indicates parallax between E. C. G. 
and pressure curves. 

On the subject of comparison of the Direct Fick 
with the ballistocardiograph (12), I shall comment 
only briefly. Starr in a previous section of the 
S3'mposium, has discussed at length the problem 
of relating forces or displacements as recorded br- 
the ballistocardiograph with stroke volume and 
stressed the need for improving upon his original 
formula. If the method of c.alculation of stroke 
volume from tire ballistocardiograph curves, is 
open to question, it noccssarilj' follows that the 
value of comparisons made in the past with the 
Direct Fick and based on these calculations, is 
doubtful, however brilliant the rhetoric to defend 
them. lYc have therefore fded all our curves until 
such time when a satisfactorj' mathematical solu- 
tion having been found, thoj' maj' again be calcvi- 
lalcd in terms of stroke volume. 

Place of the mcf/iod in the sUttiy of the circulation. 
3'hc prosiiocis oiien by the technique of cathetcri- 
zatiou of the right heart and of cannulization of 
the femoral arterr’, transcend the mere measure- 
ment of caririae output. lYith jirojicr methods of 


analj'sis of blood and expired air samples and use 
of nomograms it is possible to describe completely 
the respirator}" gas exchange in the lungs and tis- 
sues including O 2 saturation, pCO;, pHs and alka- 
line reservm (13). With adequate methods of re- 
cording pressures in the femoral artery and in the 
right auricle and ventricle, (14) valuable informa- 



double lumen catheter, of right auricular and right 
ventricular pressure curves in a ease of cardiac 
failure with tricuspid insufficiency. 

B. Simultaneous recordings of femoral artery 
and right auricle presstiro curves in same case. 



Fig. 4. Simultaneous recording of respiration 
(downward stroke = inspiration). E. C. G., 
femoral artery and right ventricular pressure 
curves. 

(ion on the dynamics of the circulation may be 
also gained. Data may then be combined and 
among some of the resulting physiological func- 
tions I may mention the followings ns of special 
interest in studies of physio-j)athology of circula- 
tion in man - a. The arterial oxygen transport, a 
function originally described by .Murray and 
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Morgan, (15) under the name of “Oxyhemoglobin 
flow”, calculated as the product of cardiac output 
and arterial content, b, The ratio of oxygen con- 
sumption to the Arterial oxygen transport, a good 
index to follow oxygen utilization in the tissues, 
c. The mechanical work of the heart, or at least a 
good estimate of it, which may be calculated as 
the product of cardiac output, mean arterial 
pressure and a constant, d, Total peripheral re- 
sistance, calculated in C. G. S. units as the quo- 
tient of the Femoral arterj^ — Right auricular mean 
pressures difference by the cardiac output. 

The technique of simultaneous recordings of 
pressures curves in the femoral artery, the peri- 
pheral veins and the right heart, of electrocardio- 
gram, of respiratory curve and in suitable cases 
of inter-pleural pressure changes has been consid- 
erably improved by two members of our team. 
Doctors Richard Bloomfield and Henry Lauson. 
Few such recordings are shown in fig. 2 to fig. 4. 
It is now possible with suitable membranes and 


manometers to obtain in relation with cardiac 
output measurements, tracings in many instances 
free from artefacts, showing simultaneous cyclic 
changes during a succession of heart beats and 
respiratory motions. From these tracings, pressure 
variations, pressure gradients, may be calculated 
and be compared with corresponding stroke vol- 
ume. From these data information of great interest 
concerning the intimate mechanics of right heart 
filling and output may be gained. 

In conclusion, I like to point out that the clinical 
investigator has outgrown the period where meas- 
urements of a single physiologieal entity such 
as cardiac output was in itself a difficult task. 
He may hope to contribute in the future to the 
accumulation of entirely new material to be in- 
tegrated into the science of hemodynamics, a 
hunting ground, up to now reserved with few ex- 
ceptions, to animal physiologists, or physicists 
without physiologieal background. 
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NOTES ON CARDIAC OUTPUT METHODS 

JOHN McMICHAEL 

Department of Medicine, British Post-Graduate Medical School, London, England 


The measurement of cardiac output in man has 
been a problem fascinating human physiologists 
and clinicians for the last half-century. Even 
though methods in the ijast have given somewhat 
conflicting and confusing answers, an enormous 
mass of valuable data on cardiorespiratory prol>- 
lems has been accumulated in the process of 
technical striving. To the pioneers who struggled 
so persistently we owe our homage and overwhelm- 
ing gratitude. 

Let us begin at the point we have reached to- 
dav The method of cardiac catheterization of 


Cournand and Ranges, whereby samples arc taken 
directly from the right heart, will be accepted by 
all as the most reliable method of determining the 
denominator of the Fick equation (arteriovenous 
oxygen difference). The results obtained by Courn- 
and and his colleagues and by us (McMichacI 
and Sharpe 3 ’-Schafer) indicate that the average 
arteriovenous o.xj’gen difTcrenec at rest recum- 
bent is 45 cc. per liter. With a resting oxj'gcn con- 
sumption of 240 cc. per minute this gives an ave- 
rage cardiac output of 5.3 liters per minute, i he 
range, however, is wide, from (240/00) 4 to (240/30) 
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S litres per minute. The higher values are obtained 
mostly inyoung subjects with some pulse accelera- 
tion. There is a significant positive correlation 
between cardiac output and heart rate. It is diffi- 
cult therefore, to speak of a “normal” figure for 
cardiac output. In giving the range (of 4-S litres, 
min.) we drew an arbitrary “normal” upper limit 
to heart rate at 80 beats per minute. The slightest 
excitement, therefore, will tend to give high 
values. This influence of rate is also shown in the 
response of cardiac output to atropine. 

The influence of rate change on cardiac output 
has not always been appreciated. Starling’s data on 
the output of the heart showed that when the rate 
was accelerated and output remained constant, 
the venous filling pressure fell. 

One very simple cardiac output comparison 
which has often been made in the past is the effect 
of change of posture on cardiac output. In 1937, 
using the acetylene method, I found that the car- 
diac output increased by an average of 34.5 per 
cent on changing from the standing to the re- 
cumbent position. On a tilting table an increased 
rate of oxygen intake (-1-38.5 per cent) in the lungs 
could also be detected in the first half minute 
after changing to the supine position, which 
seemed to agree well with the acotjdenc data. 
The catheter method gives an increase of 33 per 
cent. 

While these latter results indicate the value of 
the acetylene method in establishing general 
trends of cardiac behavior, we now realize that the 
average normal value of 4 liters per minute ob- 
tained by that method was too low. The reason 
now seems obvious. Recirculation of blood con- 
taining acetylene by short circulation pathways 
(c.g., coronary) takes place well within the re- 
breathing period, and gives too low a rate of acet- 
ylene uiJlakc in the lungs. Where the cardiac 
output is low, however, as in the more severe 
forms of heart failure, the method indicated trends 
of cardiac behavior (McMichael, 1938) which 
have been generally confirmed. It is especially 
significant that the acetylene method did break 
down most when attcmiits were made to measure 
high outputs. It was difficult or impossible to get 
arterio-x’cnous oxygen differences below 40 cc. 
per liter by this method. My colleague. Dr. Shar- 
pey-,Se!iafcr, has slioam that in severe anaemias 
the arteriovenous oxygen difference is often as 
low as 20 cc. per liter (C. 0. 12 liters/minute). 
Applying the acetylene method to anaemias in 
J93S the lowc.st figure I could obtain was 38 cc. 
per liter. I realized that the method was not 
adequate for this research and abandoned its 
use for study of rapid circulation. 

Technique: Errors: The catheter technique was 
received in Itrilain with some npprehcn.sion in sen- 
ior eirele.s. The Portugese and French pioneers in 


numbers did not leave the- catheter in situ more 
than a few minutes. It is to the everlasting credit 
of Cournand’s group that they established the 
safety of leaving it in situ for a sufficient length of 
lime to make serial observations on cardiac output 
while various tests and therapeutic measures 
were carried out. We have fully substantiated the 
safety of the technique in 353 catheterizations 
(March 31, 1945). When carried out with all pre- 
cautions it is without complications other than a 
little venous thrombosis usuallj' confined to the 
elbow region. In two subjects in whom we un- 
wittingly used an acid citrate solution thrombosis 
of the subclavian vein followed. These were our 
only mishaps. In both subjects the condition 
completel}' resolved. The small veins of the arm 
seem to close down round the catheter, while the 
high linear velocity of blood flow in the great 
veins may be a factor precluding clot formation on 
the unwettable surface of the catheter. We have 
never used paraffin on the surface. Most of our 
catheters have been in situ for 1-lJ hours, but 
six have seen loft in for 3-6 hours without incident 
or complication. 

The circumstances of our work in wartime have 
compelled us to carry out our work in the wards, 
A special room with x-ray equipment is aimed at. 
A single wet plate, taken while saturated sodium 
iodide (1-2 cc.) is injected along the catheter, has 
been our only control on position of the tip. If 
the tip is not in the middle of the auricle, its po- 
sition is subsequently adjusted. An occasional 
wrong turning up into the jugular vein is detected 
by a “Queckenstedt” test, compressing the jugular 
veins at the root of the neck and noting whether 
the citrate solution rises in the manometer. In 
most instances duplicate samples from the right 
auricles are in close agreement in their oxygen 
unsaturation. Every now and again (perhaps in 1 
subject in 20) an anomalous sample is obtained, 
differing significantly from one taken under ap- 
l)arently identical conditions a few minutes pre- 
viously. Variation in depth of breathing on the 
part of the subject, with varying o.xygcnation of 
arterial blood, accounts for some of them, but in 
other instances they may represent sam!)!cs from 
streams of blood of different composition flowing 
into the auricle. This was strikingly seen in a case 
of right subclavian arterio-venous aneurism where 
some samples obriously contained .a gross ad- 
mixture of arterial blood. In this instance the 
difficulty of relying on auricular samples was 
overcome by taking right ventricular samples. 
It is fortunate, however, that in most instances 
superior vena caval and inferior vena caval bloods 
do not differ much in composition and the mixing 
error is slight. AYe do not feel that much more is to 
be gained from accurate localization of the cathe- 
ter tip as the catheter softens in the warm blood 
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stream and may change its position somewhat 
during an observation. 

Greater accuracy in the^estimation of the ar- 
terio-venous o.xygen difference is probably 
achieved by repeated arterial sampling from an in- 
dwelling needle. We have not used this technique. 
In subjects whose lungs are normal we have felt 
that the assumption of 95 per cent saturation of 
the arterial blood was as good as a single arterial 
sample the gaseous composition of which would 
in any case be assumed as constant throughout 
a series of observations on that individual. When 
the lungs are abnormal (e.g., emphysema, pul- 
monary congestion,) an arterial sample is always 
taken. 

Standards. Some workers have insisted that 
cardiac output should be measured in the basal 
metabolic fasting condition. A development of 
this has been the expression “cardiac index” or 
cardiac output per square meter of body surface 
(normal about 3 liters). We are all aware of the 
difficulty of getting ideal basal conditions and in 
certain tj’pes of subject they cannot be attained. 
It has been our habit to make the most of our 
observations about 2 hours after the midday meal 
and use whatever oxygen consumption is measured 
by the spirometer — usually about 240 cc. per 
minute in the average sized adult. Our figures 
therefore are actual outputs at the time. Even 
tlien we encounter somewhat anxious subjects 
whose outputs are raised as much as 60 per cent 
by high oxygon consumption alone (e.g., 350/45 
= 7.8 liters). 

In making comparative oljservations in a series 
of patients (e.g., at various stages of heart failure) 
troublesome variations arise from varied o.xygen 
consumptions in different sized individuals at 
different stages of the disease. If it is accepted 
that the really significant figure is the “resting” 
arterio-venous oxygen difference, cardiac output 
can best be c.xpresscd as output per 100 cc. oxy- 
gen consumed (normal 100/45=2.2 liters per 
minute). 

For use in clinical investigation, especially of 
circulatorj' emergencies, it is obvious that the 
basal state cannot always be achieved and cardiac 
index is therefore not entirely satisfactory. Tho 
other modes of expression of results also have 
their limitations. For the moment we must accept 


any of these three methods of measurement with 
an awarehess of the drawbacks in each case. 

Right auricular pressure. The catheter technique 
allows of considerable accuracy in the measure- 
ment of R. A. P. which is a prime factor deter- 
mining the cardiac output. Cournand and his 
colleagues take as their zero point the position 
of the catheter tip as located by lateral x-rays. 
Unless the catheter position is fairly constant, 
this has its disadvantages, as a pressure of 2 cm. 
above the middle of the auricle becomes a pressure 
of 4 cm. if the catheter is lying along the posterior 
surface of the auricle. Further, the effective 
pressure in the auricle is the mean hydrostatic 
pressure plus the mean negative intrathoracic 
pressure which cannot conveniently be measured 
during these observations. Absolute values are 
thus difEcult to define. We have taken for con- 
venience the sternal angle as our zero point fol- 
lowing the usage of Lewis’ excellent clinical 
method of observing venous pressure in relation 
to this level. In the recumbent position the aver- 
age pressure in the auricle is 4-5 cm. posterior to 
the level of this point. Respiratory fluctuations in 
pressure make it impossible to read the mano- 
meter with an accuracy greater than ±0.3 cm. 
Owing to this and the slow "settling” of the man- 
ometer we do not try to express R. A. P. to a figure 
more accurate than the nearest J- cm. saline. 

Prospects. The catheter technique allows de- 
termination of cardiac output with considerable 
accuracy. Absolute values of cardiac output and 
right auricular hydrostatic pressure are difficult 
to assess and define, but serial observations of 
pressure and output changes under various 
physiological tests are yielding results of the 
utmost value. Anomalous results are rare. It is 
easily applicable to normal subjects and has 
yielded results of prime consequence in many 
pathological states. 

The method only measures output when a steady 
state of the circulation and metabolism can be 
assumed for a minute or two during which the 
samples arc taken. Thus, wlien an arterio-venous 
aneurism is closed off, this state has to be main- 
tained for about two minutes before cardiac 
output can be determined. Wc are still lacking a 
method of proven value to give us the rate of 
change of cardiac output from bent to beat. 
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CARDIAC OUTPUT BY THE CATHETERIZATION TECHNIQUE, IN VARIOUS 

CLINICAL CONDITIONS! 

DICKINSON W. RICHARDS, Jh. 

Deparlmenl of Medicine, College of Physicians and Surgeons, Columbia University, and the Chest Service, 

Bellevue Hospital, New York City 


Even in the short time that right heart catheter- 
ization has been used systematically as a 
technique for physiological study, a considerable 
amount of information has accumulated, both on 
normal subjects, and in various forms of injury 
and disease. 

I will give a few examples only, of physiological 
and pathological changes in the circulation, 
studied by this technique. Emphasis will be 
placed on the total circulatory adjustment, as 
derived from a number of measurements in a 
given case, rather than the cardiac output values 
alone. 

As Doctor Cournand has indicated, one of the 
most difficult problems has been that of deter- 
mining normal resting values of cardiac output 
and standard conditions. 

Like many physiological functions, cardiac 
output is the resultant of a great number of highly 
labile factors, physical, vasomotor, and metabolic. 
Relatively mild disturbances may cause large 
changes in the output of the heart. This has been 
known for many years. The more alert and sen- 
sitive the individual, the more difficult it has often 
been to maintain his circulation in a true resting 
state. One of the early observations in our studies 
of jjatients in shock was the evenness and con- 
stancy of the cardiac output and other measure- 
ments during the state of shock, as contrasted 
with the patient’s over-alert and often restless 
condition after recovery from his injury. 

The establishment of rules for standard basal 
conditions is somewhat arbitrary, as for any met- 
abolic study. It has been found, however, that it 
is not enough to have the subject come in from 
the outside in a fasting state; he must remain in 
the hospital overnight, before the test. An effi- 
cient, Kinoolhly running team is essential, as 
Doctor Cournand has mentioned. The subject 
imiBt be made physically comfortable. Since the 
actual proredure of inserting catheter and 
arterial needle may he disturbing, even if pain is 


' .\ part of the work reported hero was carried 
out under a contract, recommended by the Com- 
mittee on Medical Research, between the Office 
of Scientific Research and Development, and 
Columbia University, with the collaboration of 
New York University. ,\dditionul support for the 
rc.'-oan’h was [irovided by the Commonwealth 
I'mul and the .losiah Macy, .Ir. Foundation, 


prevented, a rest period of at least half an hour 
should be allowed after completion of the cath- 
eterization, before the blood samples are taken. 
In long experiments, lasting several hours, when 
repeated cardiac output determinations are made, 
we have sometimes given small doses of pheno- 
barbital. This lessens restlessness and fatigue and 
allows the subject to rest or sleep between 
procedures. 

In the thirteen normal male subjects reported by 
Cournand, Riley, Breed, Baldwin and Richards 
(1), the resting values for pulse, respiration, venti- 
lation and oxygen consumption were all within 
normal limits. This suggests that these subjects 
were as near a standard basal condition as the 
usual vital measurements can indicate. A further 
evidence of constancy of metabolic state, in 
normal subjects, are the repeated measurements 
in the same individual, reported in the same 
paper; one subject having had six separate de- 
terminations, with all values of cardiac .index 
between 2.85 and 3.28. 

On the other hand there are some subjects who 
are over-alert, anxious, or disturbed, and who do 
not reach a resting state. Four subjects who had 
pulse rates or oxygen consumptions above normal 
were reported by Cournand et al. (1). Cardiac 
output and pulmonary ventilation were also 
increased, the former to an average cardiac index 
of 3.43, as compared with the normal basal value 
of 3,12. 

In general, the experience is not greatly dif- 
ferent from that encountered in other metabolic 
tests, such as that of basal metabolic rate de- 
termination. With strict precautions as to pre- 
liminary rest and fasting, and with smooth tech- 
nique, and with the further rest period after the 
catheter is in place, most subjects will reach a 
standard resting condition. A few will not, but 
will he more or less anxious and disturbed during 
the procedure. 

Turning to the response of the cardiac output in 
certain simple physiological states, we may 
consider first the still controversial question of 
the cardiac output in change of posture. Mc- 
Michael and Sharpey -Schafer (2) have a consis- 
tent series of observations in fourteen subjects. 
All of them showed an increased .\-X difference 
on standing, and a significant average fall in 
c.ardinc output. This is in contrast to the con- 
clusions of Grollmnn (3), using the acetylene 
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method, and Starr and Rawson (4) with the 
ballistocardiograph . 

In four experiments carried out in Doctbr Cour- 
nand's (5) laboratory on the effects on the circu- 
lation of breathing under a continuous positive 
pressure of 20 mm. Hg, the A-V difference was. 
increased by this procedure in all instances. 
It was not possible to measure oxygen consump- 
tion at the same time, but this was done sub- 
sequently, showing an increase due to the positive 
pressure breathing of at most 15 per cent, Cardiac 
output, calculated by the use of this figure, was 
significantly decreased during positive pressure 
breathing, as indicated in table 1. 

TABLE 1 

Effect on cardiac output of continuous positive 
pressure breathing {SO mm. Hg), in four 
normal subjects at sea level 


SUBjrCT 

BREATHING 

PRESSURE 

OXYGEN 

INTAKE 

1 

1 CARDIAC 

1 INDEX 


mm- Bs 

ccjinin. 

liters 

L. E. 

0 

too 

4.98 


+20 

(185) 

3.99 

1 

0 

107 

5.20 

G.T. 

0 1 

132 

3.68 


+20 1 

(152) ! 

2.64 

1 

0 1 

130 1 

,4.01 

G. G. 

0 

145 

'i.67 


-t-20 

(167) 

2.97 


0 

143 

3.49 

E. R. 

0 

130 

3.25 


-t-20 

(150) 

3.28 


0 

124 

2.04 


Intervals between successive measurements about 30 minutes. 


McMichael and Sharpey-Schafer (2) have some 
interesting data on cardiac output and right 
auricular pressure following the application of 
pressure cuffs to the thighs, and following rapid 
intravenous infusions. They found a close corre- 
lation between auricular pressure and cardiac 
output, indicating that venous return appears 
under these conditions to control cardiac output. 
On the other hand, Warren, Brannon, Stead and 
Morrill (G) have found that, while venous tourni- 
quets produced a fall in auricular pressure, this 
was not associated with any consistent change in 
cardiac output. Similarly, transfusions or saline 
infusions increased auricular pressure but pro- 
duced no consistent response in cardiac output. 
The reason for this difference in Stead’s and Mc- 
Michael’s findings is not clear. 

The response of the circulation to phlebotomy 
has been given considerable study by the cathe- 
terization technique. Warren, Brannon, Stead 
and Morrill (0) found, as in the case of venous 


tourniquets, that right atrial pressure 'was de- 
creased by phlebotomy, but with no consistent 
change in cardiac output, whether or not arterial 
blood pressure fell and the subject fainted. 
Barcroft, Edholm, McMichael and Sharpey- 
Schafer (9) studied the effects of phlebotomy in 
seven cases. Both right auricular pressure and 
cardiac output fell during the blood letting; 
but at the end, when the subject actually fainted, 
the rapid fall in arterial blood pressure and car- 
diac slowing were not associated with any sig- 
nificant further change in either output or auricu- 
lar pressure. It was found, however, that blood 
flow through an extremity, the arm, was in- 
creased. Prom these data the authors deduced 
that the syncope was associated with a sudden 
vasodilation in the extremities. 

The results in two subjects studied by Cournand 
are given in table 2. As will be seen, one who 
received a rapid phlebotomy, had a markedly 
lowered cardiac output as well as blood pressure; 
while the second whose blood letting was slower, 
showed only slight changes. 

There are a number of possible forms of com- 
pensation, and of failure, following phlebotomy. 
It seems reasonable to suppose that the total 
response will vary, both with the individual 
subject and with the particular phlebotomy 
procedure used. 

The effects of drugs on the circulation in man 
have been studied extensively by various in- 
direct methods of cardiac output measurement. 
It may ire pointed out, however, that the cathe- 
terization technique has two special advantages 
for the study of rapidly acting drugs: 1, repeated 
determinations can be made quickly and easily; 

2, pathological conditions, including practically 
all degrees of cardiac and circulatory failure, can 
be adequately investigated. 

The single example which I shall give, the action 
of methedrine, as described by some experiments 
by Drs. Cournand, Bloomfield and Lauson (1) 
is in no sense a complete study of this drug, and is 
presented largely to emphasize that a drug may 
act differently in pathological conditions from 
what it does in normal subjects. 

The normal response here, as indicated in table 

3, is an increase in arterial blood pressure without 
change in cardiac output. In the pathological 
subject J. T., however, the result was quite differ- 
ent. This man had a lacerated scalp and had 
suffered a mild blood loss. In addition he wa-s 
acutely alconolic. This undoubtedly produced a 
vasodilation which was chiefly responsible for 
reducing his arterial blood pressure to 03/34. 
Methedrine in this subject increased markedly 
both the arterial pressure and the cardiac output, 
as well as prodvicing an immediate and striking 
clinical improvement in the patient's general 
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condition. In the third subject, blood loss without 
alcohol, cardiac output was unchanged one hour 
after methedrine. McMichael (8), however, has 
recorded increase in both arterial pressure and 
cardiac output after methedrine in subjects who 
have fainted following phlebotomy. 


with low hematocrit, indicating (a) loss of whole 
blood ; (b) compensatory inflow of fluid from normal 
tissues. The dynamic response is a decreased 
right auricular pressure, markedly decreased 
cardiac output, and low arterial pressure. The 
peripheral resistance (calculated as ratio of mean 


TABLE 2 


Effects of phleholomy in two normal subjects 


SUBJECT 

TIME 

TRI 

1 

^ ArteriaT 
j (femoral) 

:SSOTii;s (sat. H 

Riehl Vi 

Syst. 

!B) 

entriclc 

Diast. 

1 CARWAC 

1 INDEX 

i 

1 A-V DITE. 

PERIPH. 

XESJST, 

i 

1 

* 

PULSE RATE 






lilCTS 




J. K., normal 


!3f)/75 

i 22 

0 

3.10 


1870 

115 


Phlebotomy, G55 cc. in 7 minutes 








40/31 1 

IS 

2 

1.25 


1705 

90 











97/55 

31 

S 

2.75 


1530 

124 

W. n., normaJ 


13S/75 

34 

3 

3.47 

4.0 

1260 

03 


1 Phlebotomy, HIO cc. in 50 minutes 1 



i 




10' 


23 

1 

3-01 

4.8 

1140 

GO 










j 122' 

j 136/74 

34 

I 

3.69 

3.7 

1240 

GO 


TABLE 3 

Varying effects of methedrine on the circulation 


SUBJECT 

TIME 

I 

Arterial 

(femoral) 

’RESSURES 

Right v 

Syst. 

(sot. Hg) 

entriclc 

Diasl. 

Ri§bt 

aunclc 

C/VJtDJAC 

IKDEX 

A-V DITF. 

i 

PERIPM. j 
RESIST. 

PULSE RATE 







Jilers 




r. K., female, 33; 

0 

1 27/05 

25 

4 


2.47 

3.9 

I7G0 

CO 

normal 

0 

125/02 

21 

1 

i 

1 

2.34 

4,0 

1770 

5S 



Methedrine, 30 mg. i 

intravenously 






4' 

209/94 1 

43 

5 j 

1 






IS' 

I95/S9 1 

C5 

0 

i 

2.C4 

4.2 

2440 1 

62 

J. T., male, 30; lac. 

0 

63/34 



2 i 

2.81 

5.0 

C20 

63 

Rcalp, 15% blood 


Methedrine, 30 mg. intravcnouply (6 hrs. after injury) 



lass, ncuie nlcobolbrn 

7' 

95/53 

1 



] 





30' 

9S/50 



3 

3.SS ' 

3.9 

700 

100 


134' 

91/50 




3.98 j 

4.1 

630 

95 

J. K., male, 53; phlc- 

0 

5S/37 



1 

l.Sl 

8.1 

1410 

104 

botomy, 2073 of 


Methedrine, 30 rag. 

intravenously 





blood Volume 

5' 

80/50 







115 


10' 

86/55 







140 


5S' 

87/50 




1.73 

7.3 

2330 

133 


In the last three years. Doctor Cournand’s 
group have devoted their primarj' cITort to the 
measurement of the circulation in shock due to 
various types of traumatic injury, using the 
catheterization procedure. More than 100 such 
casc.s have now Irecn studied. This work has been 
described in several papers (10, 11, 12, 13, 14). 

In shock due to skeletal trauma or hemorrhage, 
the marked deere.ase in blood volume is associated 


arterial pressure to cardiac output) is essentially 
normal. Since blood volume is decreased, the 
state of the vascular bod, in these forms of shock, 
is thus one of vasoconstriction. The whole picture 
conforms to the accepted theory of shock ns a 
form of peripheral circulatory failure, with de- 
creased venous return ami decrea.sed blood floiv 
to tissues. A useful index of the extent of failure of 
fis.suc circulation, or of the degree of tis.sue anoxia, 
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is obtained from the “arterial oxygen transport,” 
or amount of oxygen brought to the tissues per 
unit of time. This is calculated as arterial oxygen 
content times cardiac output. It is greatly di- 
minished in cases of trauma with shock (11). 

A contrasting hemodynamic response is that 
occurring in severe burns (10, 13). There is, of 
course, hemoconcentration rather than hemodi- 
lution. There is a considerable amount of blood 
volume loss and the cardiac output is much re- 
duced. Roth the right atrial and the arterial pres- 
sures, however, are well maintained. 

The peripheral resistance obviously is very 
high. Hemoconcentration causes increased vis- 
cosity, which is a factor. That there is also true 
arterial vasoconstriction is indicated by the two 
cases showing the highest values for peripheral 
resistance. These were studied very early after 


Equally important with the diminished blood 
volume is the behavior of the vascular envelope 
that encloses it; in other words, the vasomotor 
tone. In the specific instance of burns just cited, 
it appears to be not so much a failure of venous 
return only, as it is a failure of filling, of both 
venous and arterial systems, and of the heart 
itself. 

There are of course many other types and as- 
pects of shock not included in the description 
just given, each with its own balancing or equilib- 
rium of the forces involved. All, however, in- 
volve the phenomenon of a disturbed or dimin- 
ished circulation operating within an abnormal 
and usually unstable vascular bed. 

In the category of cardiovascular diseases, a 
reliable method of cardiac output determination, 
together with the recording of pressures in both 


TABLE 4 


Effect of bilateral sympathectomy upon cardiac output and peripheral resistance in five cases of essential 

hypertension 



DODY SVRF. 
AREA 

MEAN 

ART. BLOOD 

CARDIAC OtrrPUT 

PERIPH. 

A-V DIPT. 




PRESS. 

Per 1. j 



RESIST. 



mm. Hj 


l./sq.m. 

CC. 1 

1 

cc./l. 

cc./tntn. 

sq.m. 


Average before 
operation .. 
Average after 

l.CS 

IGO 

6.70 

3.39 

70 

2250 

41 

I 

13S 

82 

operation,... ! 

l.CO 

135 

6.62 

3.46 

64 

j 1960 

38 

131 

87 


injury, when plasma loss was still minimal and 
hematocrit normal (13). 

The normal right atrial pressures we at first 
thought might have been due to pressure ban- 
dages around the chest. Subsequent studies have 
shown that normal or high atrial pressures were 
found in cases with no bandages. In one recent 
case, of a severe bunr in deep shock, but with 
normal or elevated arterial pressure, the right 
atrial pressure remained persistently over 200 mm. 
HjO. 

This is clearly not a failure of venous return, in 
the way that it occurs in shock due to trauma or 
hemorrhage. It would appear rather to bo an 
extreme vasoconstrictive state involving both 
arterial and venous systems; perhaps also in- 
creased tonus of the myocardium itself. 

With a venous pressure as high as 200 mm.HiO, 
one might suspect heart failure, but against this is 
the prompt and dramatic improvement that 
follows rapid administration of intravenous 
fluid, especially plasma or blood, in these cases. 

This brief outline will perhaps serve to show 
that the traditional mechanical concept of oli- 
gemic shock, as a simple “failure of venous re- 
turn,” is not adequate to cxplainthc whole picture. 


the arterial system, the right auricle, and right 
ventricle, obviously offers much opporutnity for 
investigation (15). 

A study of some interest is that carried out with 
Dr. Cournand by Doctors Chasis, Goldring, 
Lauson and Riley (16) on five cases of essential 
hypertension, before and after bilateral sympa- 
thectomy. The results are summarized in table 4, 
as averages for the group. As will be seen, earlier 
work is confirmed in showing normal values for 
cardiac output in essential hypertension. A new 
finding is that sympathectomy caused in these 
cases no change in cardiac output, its effects being 
solely that of a moderate reduction in mean ar- 
terial blood pressure, and peripheral resistance. 

In congestive heart failure, also, the catheteri- 
zation technique permits an integrated study of 
cardiodj’namics. Table 5 gives the figures in a 
case of arteriosclerotic heart disease, first in a 
state of relatively good compensation, and sub- 
sequently in advanced decompensation. This case 
is typical of a considerable number studied both 
by Dr. Cournand at Bellevue, and by Dr. Baldwin 
at the Presbyterian Hospital. The changes, as 
decompensation ndv.anccs, include: 1, a further 
drop in cardiac output; 2, increased peripheral 


















FEDERATION PROCEEDINGS 


219 


resistance; 3, increased venous pressure Tvitli de- 
creased peripheral-central venous pressure gra- 
dient; 4, marked rise in right ventricular pressure, 
and 5, increase in plasma and total blood volumes. 
In table 6 are given a group of average measure- 
ments in rheumatic heart disease with failure, 
compared with similar measurements in a group 
of cases of cor pulmonale. While the rheumatic 
cases may have been on the average in a greater 

TABLE 5 


Palient A. R., arteriosclerotic heart disease, hyper- 
tension, progressing congestive heart failure 



DATE 


9/21/43 

1/18/14 

Cardiac tndos (litors) ... 

2.33 

2.01 

Stroke volume (cc.) 

4i 

30 

Arteriovenous diflercncc (cc.yiOO) . . . 

5.2 

7.4 

Arterial blood pressure (mm. Hg) ... 

I54/S9 

190/129 

Peripheral resistance ... 

2.570 

3335 

Auricular pressure (mm. H-O) . ... 

-)-24 

-H40 

Ann venous pressure (mm. 11:0 

-t-33 

-tI35 

Hight ventricular pressure (mm. Hg) . . . 

2-/4 

G4/I8 

Plasma volume (cc./sq.m.) ... 

H20 

1620 

Hematocrit 

40 

40 

Total blood volomo {cc./sq.tn.) . . 

2370 

2700 


remarkable consistency, both marked arterial 
o.vygen unsaturation and polycythemia. What 
is cause and what effect in this correlation lias not 
become apparent, 

A particular feature that may be illustrated 
further is that of the central and peripheral 
venous pressure relations in advanced heart 
failure. One of the early observations made with 
the catheterization technique was that in right 
heart failure, the gradient of pressure from arm 
to heart drops from a normal average of about 
40 mm. HjO, to zero (17). More careful studies 
recently, with the aid of pressure tracings, show 
that during most of the cardiac cycle, in con- 
gestive failure, the centra! pressure is actually 
a few millimet^s higher than in the peripheral 
arm vein. Only at the time of initial ventricular 
contraction and again at the opening of the tri- 
cuspid valve, is there a sharp drop in atrial pres- 
sure with rapid pouring in of blood from the over- 
filled great veins. This is described in some detail 
in a forthcoming paper by Bloomfield, Lauson, 
Breed and Cournand (IS). 

Finally, I should like to mention very briefly an 
excellent study that McMichael and Sharpey- 
Schafer (19) have made on the action of digitalis. 


TABLE G 


Measurements of the circulation in a group of seven rheumatic heart disease eases, in failure; and in a group 

of six cases of cor pulmonale, in failure 



RUEUMATIC 

COR rmiONAIK 

Average 

Ransc j 

Average 

Range 

Cardiac index (liters) 

A-V difference (cc./lOO) .... 

PcriphcTsd rcsialance 

Auricular prc.'isijrc (mm. H:0) . .. 

Venous prcs.suro (mm. HjO) 

Ventricular pressure (mm. llg) 

Pla.sran volume (ec./stj.m.) 

llcmatocrit 

Arterial Ojsnluration 

1.85 

8.2 

2562 

+240 

+245 

100 

2574 1 
45 1 
95 , 

i (1.21- 2. C5) 

' (5.4-11.4) j 

(1710-8729) ! 

(107- 350) 

(173- 320) 

(61- 117) 
(1630-3370) 

(30- .53) 

<00- OS) 

3.45 

4.G i 
1342 
+114 
+120 

53 

1CS5 

G3 

n ; 

(2,S0-4.SS) 

(3.4 -5.0) 
(1100-1510) 
(-24- ISO) 
(-15- 222) 

(35- 51) 
(1400-1660) 

(54- 69) 

(61- So) 


degree of failure than those with cor imlmoimle, 
this difference was not very great, and the chief 
variations between the two groups are probably 
valid. In contrast to the marked depression in 
i- cardiac output in rheumatic heart disease with 
i failure, cardiac output tends to bo mainf.ained at 
s normal levels in cor indmonalc, even in the pres- 
5 cnee of right heart failure with edema. Both 

)■ right atrial and right ventricular pressures arc 

relatively higher in the rheumatic group, though 
li considerably elevated in cor pulmonale. Blood 
jc volume is increased in both, the increase in cor 
(< pulmonale being almost entirely in the rod cells. 
,! In this scrie.s the case.s of corpulmonalc with right 
,! ventricular hypertension have also had, with 


With the catheter in idace, they digitalized their 
subjects rapidly by the u.so of digoxin, measuring 
right atrial prc.ssurcs and cardiac output before 
and after the drug. They confirmed the finding, 
already established by other methods, (hat cardiac 
output is decreased in normal subicct.s by digi- 
talization, whereas it is incrcaBcd in patients with 
congestive heart failure. In addition, McMichael 
and Pharpey. Schafer observed in both normal 
ami heart failure groups a sharp drop in right 
atrial pres.=ure by digitalization. Noting further 
that the.so change.? arc qualitatively the same as 
can be obtained by mechanical decrease in TCnous 
pre.ssuro, as by irrc.^surc cuffs on the extremities, 
they suggest that the tola! action of , ■ ' 
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may in these cases be on the peripheral vascular 
bed rather than on the heart itself. 

The idea of a single peripheral action of digitalis 
is an interesting one, and yet I do not think that 
on this evidence it is demonstrated. The effects 
of digitalization, in most of the cases presented, 
are considerably greater, both on pressure and 
output, than those produced by cuffs. Also, as 
Doctor Dock (20) has pointed out, some of 
hIcMichael’s cases showed a marked rise in cardiac 
output after digoxin even though their initial 


auricular pressures were scarcely above normal. 
It would seem more likely that the increased 
cardiac output was due in part at least to increased 
myocardial efficiency, the auricular pressure 
falling as the heart emptied more effectively. 

Summarizing very briefly, I have attempted 
to show in this discussion, by a few examples, how 
the technique of right heart catheterization can 
be used to measure cardiac output and other 
functions in cardiocirculatory disorders. 
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INTERIM REPORT SUBMITTED BY THE SECRETARY OF THE AMERICAN 

PHYSIOLOGICAL SOCIETY 


/Idioiis of the Council, 194S. Following the can- 
cellation of the Cleveland meeting, the Council 
voted to hold a meeting at Rochester, N. Y. on 
May 18 and 19, 1945 for the discussion of the affairs 
of the Society. Most of the actions reported below 
were taken at that meeting. 

The following were recommended for election to 
membership by the Society at its next meeting; 
H. lY. Ades, S. C. Allen, P. B. Armstrong, J. B. 
Bateman, H. S. Belding, L. L. Bennett, R. V. 
Brown, B. Campbell, L. D. Carlson, E. Clarke 
Hay, F. L. Dey,R. L. Driver, H. Goldblatt, R. 
G. Grenell, R. L. Gregory, H. J. Grindlay, R. A. 
Groat, F. S. Grodins, Z. Hadidian, W. M Hart, 
0. M. Hechter, C. G. Heller, R. Hertz, P. F. A. 
Hoefer, E. H. Lambert, H. D. Lauaon, J. H. 
Leathern, J. L. Lilienthal, C. -Y. Maaske, J. E. 
Markee, F. R. Mautz, W. D. McElroy, J. L. 
Nickerson, P, A. Nicoll, D. F. Opdyke, W. S. 
Rehm, Jr., A. Sandow, E. E. Selkurt, R. A. Shipley , 
R. E. Shipley, R. W. Sperry, H. J. Spoor, E. A. 
Stead, Jr., W. E. Stone, C. L. Taylor, R. D. Tay- 
lor, J. H. Welsh, B. W. Zweifach. Action on twelve 
other candidates was deferred for another year. 

Following the retirement of Dr. IV, J. Meek as 
Chairman of the Board of Publication Trustees, the 
Council appointed Dr. F. C. Mann to fill this va- 
cancy and Dr. A. C. Ivy was designated to act as 
Chairman. Dr, Meek has served as Chaimran of the 
Board continuously since it was first organized, 
and the Sccretarj’ was directed to write a letter to 
Dr . Meek expressing to him the appreciation of the 
Council and the Society for his valuable services 
in that capacity. 

The Council approved the appointment of Dr. 
Paul Cannon to the Editorial Board of Physiologi- 
cal Reviews to replace Dr. C. V. Weller who re- 
signed. The report of the Board to the Council was 
received and accepted. In the annual report of the 
Board to the Society, it was announced that (1) the 
SUXX) advanced for the establishment of Federa- 
tion Proceedings had been returned, (2) that the 
.Vmorican Jovirual of Physiologj' had a deficit of 
S1807.95 for the throe volumes of the year, (3) that 
Physiological Reviews slmwed a jirnfit of 8,3740.95 


The report of the Treasurer was received and 
approved. The general fund of the Society shows 
a balance of $2441.47 on April 1, 1945. The member- 
ship dues were set at $2.60 for the year 1945-46. 
The President appointed Dr. E. Landis and Dr, 
E.W. Dempsey to audit the books of the Treasurer. 

No applications for the Porter Fellowship were 
received this year and the Council voted in the 
future to offer $2400 in alternate years instead of 
the usual stipend of $1200 each year. When Dr. 
Porter was informed of this decision, he generously 
offered to increase the payments from the Harvard 
Apparatus Company in order to enable the Council 
to offer a fellowship of $2400 each year. This offer 
was gratefully accepted. 

Further .revisions of the Constitution were con- 
sidered by the Council and will be submitted to the 
Society in advance of the next meeting so that 
they can be accepted or rejected at the next busi- 
ness meeting. The Subcommittee on the Consti- 
tution consists of Drg. Essex, Mann, and Visscher. 

The Council is preparing to recommend a list of 
candidates for election by the Society as Honorary 
Members. 

Problems of post-war physiology were discussed 
at some length and a Physiological Survey Com- 
mittee was appointed under the Chairmanship of 
Dr. E. F. Adolph. The purpose of the survey is to 
appraise the present status of physiology and of 
the Society in this country and to use this as a 
basis for recommendations for future action. 

Dr. Bard, as President of the Society, accepted 
for the Society the gift of a portrait of Professor 
Frederic S. Lee of Columbia University and Presi- 
dent of the Society 1917-1919. The portrait was 
donated by the artist, Mr. Cuthbert Lee, of Ashe- 
ville, North Carolina. Since the Society has no 
building in which to house such a portrait, it was 
presented by Dr. Bard to Columbia University. 

Plaite are going forward for a meeting of the 
Society in 1946 which will be held unless expressly 
forbidden by the Office of DefonseTransportation. 

WAtL.KCJ; 0. Fksx, Sccrctanj 
ThcAincricrin Phi/siologicat !?ocicli/ 
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PAPER PREPARED FOR PRESENTATION BEFORE THE JOINT SESSION 

OF THE FEDERATION, 1945 

A POTENTIAL PHYSIOLOGICAL CONTRIBUTION TO THE PREVENTION 

OF “PEPTIC ULCER” IN MAN 

A. C. IVY 

From the Department of Physiology, Norlhioestern University Medical School, Chicago 


The gastrointestinal autacoids have attracted 
the interest of physiologists since the discovery of 
secretin by Bayliss and Starling in 1902 (1) . Today, 
the mucosa of the alimentary tract is a close rival 
of the anterior lobe of the pituitary gland in re- 
gard to the number of endocrine principles known 
to be produced (2). The investigators in this field, 
like investigators in other fields of endocrinology, 
have been primarily interested in elucidating 
physiological mechanisms. However, the possibil- 
ity that the gastrointestinal autacoids may be 
diagnostically and therapeutically useful has not 
been entirely neglected. 

The diagnostic use of histamine, the physiolog- 
ical action of which is closely identified with the 
history of the gastrointestinal autacoids, is well 
known. The use of secretin for the more accurate 
diagnosis of disease of the pancreatic acinar tissue 
has more recently been shown to be valuable (2-6). 
It is very probable that cholecyslokinin will prove 
to be useful for the diagnosis of functional dis- 
orders of the biliary tract (2), 

The only gastrointestinal autacoid which now 
appears to possess potential therapeutic value is 
enterogasirone, or some other agent closely asso- 
ciated with it. It is the purpose of this presenta- 
tion to provide the evidence upon w’hich such a 
possibility is based. 

ENTEROGASTnoNE. Enterogastrone refers to a 
substance or substances present in a fraction of 
the upper intestinal mucosa which on adminis- 
tration inhibits gastric secretion and motility. 
It appears to be a true chalone as defined by 
Sharpey -Shafer (7). 

The search for such an agent in the intestinal 
mucosa started when it was found that a fatty 
meal, within five, minutes after its ingestion, in- 
hibits the motility (8) and secretion (9) of a trans- 
planted pouch of the stomach. It has been found 
that the introduction of fat or sugar in a concen- 
tration of 10 per cent or more by weight or vol- 
ume into the duodenum will almost immediately 
inhibit the motility and secretion of atransplantcd 
gastric pouch (10). This docs not occur when the 
fat or sugar is introduced into the stomach and 
prevented from entering the intestine. 

The gastric secretory inhibitory fraction of an 
acid e.xtract of intestinal mucosa has been con- 
centrated so that an injection of 50 mg. or less 


will inhibit the gastric secretory response to 1 
mg. of histamine hydrochloride in the dog (11). 
Two to four times this amount is required in man. 
The depression of gastric secretion occurs without 
side reactions such as a change in blood pressure 
or rectal temperature. The secretion of hydro- 
chloric acid is inhibited considerably more than 
the secretion of pepsin (12). 

The prevention of jejunal ulcer with an 
ENTEROGASTRONE PREPARATION. An attempt tO 
prevent the occurrence of post-operative jejunal 
ulcer in experimental animals by the administra- 
tion of our enterogastrone preparation was made 
for two reasons. First, it has been well established 
experimentally and clinically that HCl-pepsin is 
a factor which is concerned in the extension and 
chronicity of an ulcer of the stomach, duodenum 
or jejunum (13), In fact, in man and dog it ap- 
pears that the secretion of HCl-pepsin is a sine 
qna non for the occurrence of ulcer of the stomach, 
duodenum or jejunum. We have removed the 
stomach from more than seventy-five dogs and 
pigs and anastomosed the jejunum to the esoph- 
agus, and have not observed jejunal ulcers to 
occur during periods extending from one to ten 
years. Clinically, chronic gastric, duodenal and 
postoperative jejunal ulcers, other than cancerous, 
syphilitic and tuberculous ulcers do not occur in 
the absence of hydrochloric acid secretion; or if 
they do, they are exceedingly rare. Second, it has 
been observed that patients with an active duo- 
denal ulcer on a diet of milk and cream excrete 
less of a gastric secretory inhibitory agent in their 
urine than normal subjects (14) . (For a summary 
of the present status of the antiulcer and gastric 
inhibitory factors in urine, see references 21 and 
27.) 

The method for producing “peptic ulcer.” The 
Mann-Williamson dog (M-W dog) was selected 
as the most suitable experimental animal for the 
study. The M-W dog is prepared by performing a 
gastrojejunostomy and diverting the alkaline 
pancreatic juice and bile into the last IS cm. of the 
small intestine. An ulcer develops in the jejunum 
where the chyme from the stomach enters. 

There are several reasons why we considered the 
M-W dog the most suitable for our study. First, 
the type of ulcer which occurs is analogous to the 
ulcer which develops in from 10 to 25 per cent of 
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human patients after the performance of a gastro- 
jejunostomy. Second, it has been demonstrated 
that acid gastric juice is the chief, though not the 
only cause of the genesis of the ulcer. Third, the 
ulcer occurs with remarkable consistencj'. Fourth, 
post-operative jejunal ulcer in roan is difficult to 
manage medically; this is also true of the M-W 
ulcer, w'hich is not prevented by frequent feedings 
with or without the usual alkalies (16). And, fifth, 
we are very familiar with the M-W dog and ulcer, 
because during the past 15 years we have tried by 
numerous means to prevent or to delay the develop- 
ment of the ulcer. These earlier experiments pro- 
vide a valuable basis for comparing the efficacy 
of enterogastrone treatment with other forms of 
therapy. 

The use of the M-IF preparation has two disad- 
vantages. First, duo to the diversion of the pan- 
creatic juice and bile into the last 15 cm, of the 
small intestine a disturbance of intestinal diges- 
tion and absorption is present. To prevent a con- 
sequent loss of weight a special diet is given; it 
consists of par-boiled ground meat, milk, bread, 
200 grams each of ground raw liver and pancreas, 
and some cod liver oil. The animals are offered 
800 to 900 grams of the mixture daily. This diet 
was fed to all dogs in this study. Second, when the 
distal portion of the duodenum is anastomosed to 
the ileum, the normal position of the intestine 
is disturbed. This predisposes to intraabdominal 
herniation with consequent intestinal obstruc- 
tion. This is the major cause of death in the M-W 
dog when the occurrence of ulcer is prevented. 
It is the cause of death in SO per cent of the dogs 
which die without an ulcer. The only other im- 
portant cause of death in the dogs dying without 
an ulcer is pneumonia secondary to exploratory 
operations. These arc the causes of death in the 
dogs reported below, dying without an ulcer. These 
causes of death obtain in our M-W dogs surviving 
from two months to four years after the initial 
operation, and must be considered in the interpre- 
tation of the results of therapy (15). 

Resuots. Conthols. A. Untreated controls. 
Ninety-eight per cent of 114 untreated M-W dogs 
developed ulcer and died 3.8 months (average) 
after the operation. 

D. Non-specific therapeutic controls. Ten M-W 
dogs were treated by d.aily injections of an extract 
of hog’s muscle prepared bj’ the procedure for mak- 
ing the cntcrognslrone preparation. All developed 
ulcer 3.9 months (average) after the operation 
(IG). 

C. Controls for the recurrence of ulcer in jll-Jl’ 
dogs. Ulcer was prevented from developing for 10 
months to 1 year in 10 M-W dogs by the three 
times daily administration of aluminum phosphate 
gel. Then, this therapy was discontinued. Ulcer 
developed in all dogs 2.4 months (average) after 


discontinuance of the therapy. In two of the dogs 
the cycle of this therapy with healing of ulcer and 
the withdrawal of the therapy and recurrence was 
repeated three times (17). This type of control is 
important for the interpretation of the results 
obtained with “enterogastrone” therapy. UTen 
aluminum phosphate therapy was discontinued, 
an ulcer developed in a short time; this is not true 
of “enterogastrone therapy.” 

Results w'ith “enterogastbone thebapt.” 

A. Parenteral therapy. Thirty-three M-W dogs 
were treated daily and parenterally with the 
enterogastrone preparation, starting after the 
operation. The injection caused no rise in rectal 
temperature during a post-injection period of 
5 hours. The treatment was discontinued after one 
year with the idea that an ulcer would develop, 
and then the effect of the preparation on healing 
could be ascertained. 

Among this group of 33 animals, 7 or 21 per cent 
developed an ulcer 6.5 months (average) after the 
operation and while receiving treatment. Ten died 
without an ulcer between 2.5 and 12 months after 
the operation. Nine died without an ulcer from 
11 to 31 months after the cessation of treatment. 
Five are still alive without ulcer, two at 24 months 
and three at from 40 to 46 months after the cessa- 
tion of treatment. Two developed ulcer at 18 
and 28 months after the cessation of treatment. 
Thus, in this group of 33 dogs, the treatment 
prevented ulcer from developing in 76 per cent of 
the dogs during a period of one year. Among the 
16 dogs, which survived one year, only two (12 
per cent) developed an ulcer during a period rang- 
ing from 11 to 46 months after the cessation of the 
treatment. 

Comment. The fact that most of the dogs did not 
develop ulcer in the usual time (see Control series 
C above) after the cessation of this treatment, 
indicates that the “enterogastrone” preparation 
caused some long lasting change. The following 
group of experiments was performed to ascertain 
if the ulcer could be prevented from developing 
by treatment for a period of three months. 

B. Five dogs were injected daily subcutaneously 
for three months after and five for three month's 
before the M-W operation by Doctor Grossman 
and Mr. Dutton (IS). Among the 10 dogs, 3 devel- 
oped ulcer in 4 to 6 months; 4 died (2 of pneumonia 
after dovocalization) without ulcer at 15 to IS 
months after the operation; and 3 arc alive with- 
out ulcer 20 months after the cessation of treat- 
ment. 

Oral therapy. Entcrogiistronc as a concentrate, 
has not been found to be active in inhibiting gas- 
tric secretion or motility when adminkstered orally 
in doses of 10 or 20 units (19). Xeverthc!c?.s, it i’s 
pos.siblo that it may be absorbed by the intestine 
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when given in larger amounts, or that some 
substance in the extract other than enterogastrone 
per sc is absorbed and is the agent which provides 
protection against the development of an ulcer. 
Doctor Grossman with the assistance of Mr. Miller 
and Dr. Sangster have undertaken experiments to 
determine the oral effectiveness of crude extracts 
of the upper intestinal mucosa. 

A. The first preparation used was the precipitate 
obtained by saturating the acid extract obtained 
bj*^ exposure of the intestinal mucosa to 0.4 per 
cent HCl with sodium chloride (our A precipitate) . 

Seven M-W dogs after the operation were given 
30 grams of the precipitate orally once daily about 
6 hours after the last meal. One of these animals 
developed ulcer 2 months after the operation, and 
two died without ulcer 5 and 8 months after the 
operation. The remaining four were free of ulcer 
9 months after the operation when the treatment 
was discontinued. They now are living without an 
ulcer for from 2 to 4 months after cessation of 
treatment. 

B. To avoid the bulkiness of the sodium chloride 
precipitate, in which salt is 50 per cent of the 
solids, the original acid extract has been lyophil- 
ized and given orally to 5 M-W dogs. Three grams 
of this product have been given daily. All of these 
animals are in good health without ulcer five 
months after the operation. 

Discussion, .\mong 53 M-W dogs receiving 
liarentcral therapy with a preparation of upper 
intestinal mucosa containing enterogastrone, 
thirteen or 24 per cent developed ulcer within 6.5 
months after the operation, and forty, or 76 per 
cent did not develop an ulcer during the first year. 
Twelve of the fortj'' died during the first year with- 
out ulcer. Of the remaining twentj'’-eight, twenty- 
six have survived wdthout developing ulcer for 
from 11 to 46 months after the cessation of treat- 
ment; two developed ulcer at IS and 2S months 
after the cessation of treatment. 

Comparing the results on the treated animals 
with those on the untreated controls, the paren- 
teral therapy reduced the occurrence of ulcer 
from 9S per cent to 24 per cent during the period 
of one year. The failure to observe complete pro- 
tection may be due to three factors. One is that 
25 per cent of a series of eight dogs are known to 
have become refractory to the gastric .'secretory 
inliibitorj’ effect of our present enterogastrone 
preparation (20), when it was given parenterally 
during a period of several months. The second is 
that S7 ix;r cent of untreated M-W dogs die of 
ulcer within 3 months after the operation; hence 
some substance in the extract other than entero- 
ga.strone may not have had sufficient time to af- 
fect the 24 i)er cent which died of ulcer. The third 
is that the dosage may have been inadequate. 

The remarkable asiK''-f of the re.'iuUs i.*-- the fail- 


ure, in all but. t wo of the animals, to develop ulcer 
in the usual time after the cessation of treatment. 
This observation was not anticipated by us. It 
has been confirmed by Sandweiss and his asso- 
ciates who used an extract of human urine to 
prevent ulcer in M-W dogs (21). 

The mechanism of the long-lasting protection 
has not been entirely determined. Several possi- 
bilities have been considered, (a) It might be due 
to a physiological adaptation of the jejunum to the ' 
operation which occurs with time, provided early 
death from ulcer is prevented. This is unlikely for 
two reasons. First, when the development of the 
ulcer is prevented for one year with aluminum 
phosphate gel (17), an ulcer develops in 2.4 months 
(average) after cessation of treatment. Second, 
two animals developed ulcer 18 and 28 months 
after the cessation of treatment, (b) It might be 
due to an abolition of the abnormally prolonged 
secretion of gastric juice which M-W dogs, like 
most duodenal ulcer patients, manifest to a meal 
and to an alcohol test-meal (15, 22-25). M-W dogs 
treated with enterogastrone for a period of sev- 
eral months do not respond excessively to an alco- 
hol test -meal (26), and pepsin output is not af- 
fected (26). Since all M-W dogs do not manifest 
an excessive response to a test-meal (15) and yet 
develop ulcer, we doubt that the effect of our pres- 
ent enterogastrone preparation on gastric secre- 
tion is sufficient to account for the long lasting 
protection. For the present, we are inclined to 
agree with the view of Sandweiss and his associ- 
ates (21), who explain the protection provided 
by the injection of a concentrate of human urine 
as due to an increased resistance of the mucosa to 
ulceration. 

It should be emphasized that one cannot be 
certain that the active principle in the entero- 
gastrone preparation used is enterogastrone or the 
gastric secretory inhibitory principle. The agent 
concerned cannot be considered as a non-specific 
substance and the ]irotection it provides cannot 
be considered as being due to a reaction to non- 
specific protein therapy. This is true for, two 
reasons. First, the extract of hog’s muscle pro- 
vided no protection and non-specific protein ther- 
apy is ineffective when the non-specific protein 
is given orally. 

The results on the effectiveness of the oral ad- 
ministration of a crude extract, particularly 
those obtained with the A precipitate, show that 
the ulcer preventing agent is active orally. It is 
too soon to conclude that the lasting protection 
will result from oral thcrap 3 '; such a conclusion 
will be warranted only when the animals have not 
developed an ulcer when deprived of the therapy 
for six months. 

Whether the occurrence of ulcer in a small por- 
contage of the treated M-W dogs i.s due to refrac- 
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torincss, itindi'niiMli' dosap’. nr an iiiiiiHii'ii'iit 
pcrioii of iidminislnition n'lnnitts to lio di'tor- 
iniiipd. This may ho dotormiiK'd l>y iniToasiiij; tlic 
oral doso of tho criidc product atid st.'irtiiic its 
administratioti tlircc moiitiis ln'forc tlic operation. 

Wlicthcr llio results witli this therapy on M-\V 
dopswill be applicable to the human patient with 
(loplic ulcer remain.s to be cstabli.shed. About 
three years ago we. (A. >1. Atkinson and 11. Green- 
gard) started a small group of soealled “intrac- 
table” ulecr ]i.atients on p.arentcral therapy. The 
preliminary re.sult.s have been briefly reported 
elsewhere (IS). The re.sults arc .suflieicntly favor- 
•ablo to cause us to continue with the clitiical in- 
ve.stigation. The knowledge of the or.al effect ivc- 
ness of the crude e.\traet is loo recent to have 
Itermitted a study on human paticnl.s. Several 
years of investigation are required to cst.ablish 
tho effectiveness of atiy management of peptic 
ulcer in man bccau.se of the natural history of the 
disease. 

If the therapy does not prove to be elinieally 


elTeetive, it can only he eom luded that the ulcer 
which develoi)S in the .M-tV dog is eliologieally 
quite dilTereiit from that which oeetirs in man. 
Current opinion anil evidence is deci.sively con- 
trary to such !i eoneltision. 

.si;,M.\r.\tiV 

Kvideuee from studie.s on Matin-William.son 
dogs, which consistently develop post -operative 
jejunal ulcer, shows that the ilaily parenteral ad- 
ministration of an intestinal c.vtrai’t, eoneeri- 
trated in regard to entcrogastrone, prevent.s ulcer 
from develoi)ing in aiiprnximntely SO per rent of 
the dog.s. When the therapy is discontinued after 
sever.al months, the animals are resistant to the 
oecurrenee of ulcer for periods of from IS to IG 
months. It has been also demonstrated that a 
relatively crude extract of intestinal mueo.“a is 
orally effective in preventing ulcer in M-W dogs. 
If the.se results are applicable to man, hope for 
the prevention of recurrences of peptic ttleer in 
man by medical means is well founded. 
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INTRODUCTION 

» 

The chief enzymatic reactions which will be dis 
cussed in this symposium are listed below. 


(1) glucose-l-phosphate 
+ terminal glucose 
unit (of glycogen) 

(2) glucose-l-phosphate 
-)- fructose 

(3) Ribose-l-phosphate 
-1- hypoxanthino 

(4) glucose-l-fructose 
-f- terminal glucose 
unit (of dextran) 

(5) fructose-2-glucose 
-h terminal fructose 
unit (of levan) 


a-1,4 glucosicfio chain unit of 
polysaccharide 
-f- phosphate 

glucose-l-fructose (sucrose) 

-h phosphate 
ribose-l-hypoxanthine 
+ phosphate 

1 . 6- glucosidic chain unit of 
polj'saccharide 

-f fructose 

2.6- fructosidic chain unit of 
polysaccharide 

+ glucose 


The common feature of the first 3 reactions (go- 
ing from right to left) is the participation of inor- 
ganic phosphate in the splitting of a glycosidic 
bond with the formation of a 1-phospho-sugar. 
The process has been called phosphorolysis (in 
analogy to hydrolysis) and the name “pliosphory- 
lase” has been adopted for this class of enzymes. 
In the reverse direction the l-phosphorylated 
sugar reacts with another molecule to form a 
glycosidic bond while inorganic phosphate is set 
free. Stated generally, one is dealing with reactions' 
in which there occurs a reversible exchange of an 
ester bond on carbon atom 1 for a glycosidic bond 
involving the same carbon atom. The position 
of the equilibria of the 3 reactions shows that the 
aF is small, of the order of 2000 calories. 

The last two reactions, which have been ob- 
served in bacteria, consist in the exchange of one 
type of glycosidic linkage for another, and it is 
interesting to note that in reaction (4) sucrose acts 
as a glucoside (analogous to glucose-l-phosphate), 
while in reaction (5) it acts as a fructoside. In the 
reverse direction fructose or glucose would play 
the role of inorganic phosphate in the reactions 
catalyzed by phosphorylases. 

The formation of a- and jS-Schardinger dextrins 
from starch by bacillus macerans is another ex- 
ample for the exchange of one glucosidic bond for 
another. One glucosidic bond is broken as a chain 
of 6 or 7 glucose units is split off and a new gluco- 
sidic bond is formed when the open chain is com- 
bined head to tail. 

The isolation of glucose-l-phosphate, its chemi- 
cal synthesis and the crystallization of phosphory- 


lase from muscle paved the way for a study of the 
mechanism of reaction (1). The formulation, as 
given for this reactiop, is based on an analysis of 
the activating effect of added polysaccharide. 
The non-reducing end groups of the polysaccha- 
ride react with glucose-l-phosphate to form a 
lengthening chain of glucose units. A linear poly- 
mer is formed which resembles the amylose frac- 
tion of natural starch. Recent advances in the' 
chemistry of starch and glycogen, combined with 
the information gained from enzymatic synthesis, 
have given a fairly clear picture of the structure of 
these polysaccharides. 

Reactions (2) and (3) are of great-interest; they 
provide a clue to enzymatic mechanisms which 
may be involved in the synthesis of other disac- 
charides and of other ribosides. In these cases 
there can be no doubt that two different molecules 
react in the direction to the right. Evidence will 
be presented that this is also true for reaction (1). 
The mechanism which is proposed for reactions (4) 
and (5) and which is patterned after reaction (1) 
is at present hypothetical; the enzyme prepara- 
tions obtained so far have not been freed suffi- 
ciently of polysaccharide to test the hypothesis. 
Reactions (4) and (5) provide alternate mecha- 
nisms for polysaccharide synthesis in the direction 
to right and for disaccharide formation in the direc- 
tion to the left. 

With the information now available, which is 
summarized in this symposium, it should be pos- 
sible to study the mechanism of formation of many 
of the polysaccharides which occur in nature, for 
example that of cellulose. Even an approach to the 
problem of the enzymatic synthesis of the more 
complex carbohydrates in pathogenic bacteria 
would not seem to be out of reach. Such hopes are 
based on the realization that evolutionary pat- 
terns as represented by enzymatic mechanisms re- 
peat themselves in nature in a variety of situa- 
tions. A sufficient number of cases has been tested 
to expect that wherever polysaccharides belong- 
ing to the starch and glycogen class are found, 
glucose-l-phosphate will be the substrate from 
which they are formed. Finally, it is not unreason- 
able to expect that some of the observations made 
in the synthesis of one class of substances of large 
molecular weight, the polysaccharides, w'ill be 
applicable to other classes. 
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Starch is generally considered to he the reserve 
polysaccharide of the plant world, while RlycoReii 
is that of the aniinal world. However, iimsimich .a.s 
glycogen is found in some lower plants — fungi, 
yeast, and bacteria — and since a poly.saccliaridc 
similar to glj’cogcn e.visls in a higher jdnnt. Golden 
llanhim sweet corn (Zen maps) (1, 2), this charac- 
terization i.s not strictly correct. As wo learn more 
about the chemistry of starch and glycogen it be- 
comes apparent that neither of the two substances 
is a definite chemical entity and that there is no 
clear demarcation between them. Starcli varies 
considerably with the source from which it is 
derived. Waxj’ maize starch, for example, possesses 
physical and chemical properties very similar to 
those of glycogen. 

It has now been established that starch is not a 
homogeneous substance and that it can be sepa- 
rated into two components, amyloso and amylo- 
pectin, each having a different chemical constitu- 
tion. The amylose consists of long unbranched 
chains of about 300 glucose units, while the amylo- 
pectin consists of branched chains of appro.xi- 
mately 25 glucose units per branch. Unlike starch, 
glycogen is homogeneous in the sense that it con- 
sists only of branched chains. However, its chain 
length is not always constant. IVhile the branches 
of glycogens isolated from animal tissues consist 
of 12 glucose units, it has been found that glycogen 
isolated from the liver of animals fed galactose or 
sucrose prior to isolation of the polysaccharide 
contains chains of IS glucose units (3). This chain 
length approaches that of the branches of araylo- 
pectin. 

The most important structural feature common 
to starch and glycogen is the a-l,4-glucosidic 
linkage. This linkage is responsible for the simi- 
larity in specific rotation which starches and glyco- 
gens or their derivatives e.xhibit when dissolved in 
the same solvents. The similarity in biochemical 
and physiological behavior of starch and glycogen 
i- may also be attributed to the fact that these poly- 
;1 saccharides possess this commonstructural charac- 

j teristic. Glycogen is attacked by the same plant 
.1 amylases that attack starch, and like starch is de- 
4 graded to maltose and dextrins . Both glycogen and 

... starch are broken down by animal or plant phos- 
phorylase in the presence of inorganic phosphate 
with the production of glucose-l-phosphate. 

Various in'etos on the structure of starch 
' and glycogen 

Haworth and Hirst have shown that the starch 
molecule consists of chains made up of a-gluco- 


pyraiiose unit.s joined by glueo.sidic linkages 
through the first carbon atom (reducing group) 
and the fourth carbon atom of the next glucose 
unit through the sharing of an oxygen atom (d, 5). 
The linkage between any pair of hc,\o.so units in 
the slnreh chain is the same as in tho disaceharido, 
maltose. 

Thc.se authors have demonstrated that when 
starch is repeatedly treated with dimethyl sul- 
phate and alkali, all tho hydro.xy) groups arc re- 
placed by methoxyl groups, producing a methyl- 
ated derivative which is soluble in certain organic 
solvents and ha.s a characteristic specific rotation. 
Hydrolysis of tho methylated starch with acid 
produces 2,3,C-trimcthylglucose, together with a 
small proportion of 2,3,4,6-tctrnmothylglucose. 
If the glucosidc members in starch arc linked to- 
gether to form a chain of finite length (Fig. 1), the 
two terminal glucose units of tho chain differ in 
constitution from tho intermediate members of the 
chain and are distinguishable by means of their 
methyl derivatives. Tho first, tho "reducing" 
end-group (A in Fig. 1) yields on hydrolysis 
2,3,G-trimethylglucoso, since tho methoxyl group 
on carbon atom 1 is glucosidic in character and 
removed with dilute acid. The second, the non- 
reducing end-group (B in Fig. 1) yields on hydroly- 
sis 2,3,4,0-totramethylglucoso. Tho proportion 
of this non-reducing end-group gives a measure 
of the chain-length of starch. Tho method of deter- 
mining tho chain-length from tho amount of tetra- 
methylglucose obtained by hydrolyzing the fully 
methylated polysacoharide is referred to as the 
“end-group assay method.” 

Examination of the hydrolysis products of vari- 
ous methylated starches has shonm that the pro- 
portion of tetramethylglucose liberated is always 
the same (betw’een 4 and S per centj and is inde- 
pendent of the biological source of the starch* (6, 
7). A similar proportion of 2,3-dimethylgluc03e 
is also found among the hydrolysis products of 
methylated starch. The proportion of 4 to 5 per 
cent of tetramethylglucose corresponds to a ter- 
minated chain of 24 to 30 glucose units having a 
molecular weight of about 5,000. However, deter- 
mination of molecular weights of various natural 
starches and their acetylated and methylated 
derivatives b 3 ’’ phj’sical methods such as by 
osmotic pressure, ultracentrifuge and viscositj' 


1 End-group determinations have been made on 
starches from the following sources : potato, wheat, 
canna, waxj’ maize, rice, horse-chestnut, banana 
and maize (Golden Bantam) . 
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measurements show the starch molecule to have a 
much greater molecular weight than 5,000. De- 
pending on the method of preparation of the 
acetylated and methylated derivatives, values 
ranging between 20,000 and 500,000 were obtained 
by different investigators for the molecular weight 
of starch (8, 9) . The large discrepancy that exists 
between the molecular weights of starch as ob- 
tained by the end-group assay method and physi- 
cal measurements is accounted for by the fact that 
the end-group assay method, showing a terminated 
chain of 24 to 30 glucose units and having a molecu- 
lar weight of about 5,000, discloses not the total 
molecular size but the chain length of the branches 
in the much larger starch molecule. 

Hydrolysis of methylated glycogen also pro- 
duces 2,3,6-trimethylglucose and 2,3,4,6-tetra- 
methylglucose (10) . If, as in starch, the glycogen 
chains are finite in length, it is evident that each 


lengths of 12 and 18 glucose units, having molecu- 
lar weights of approximately 2,000 and 3,000, re- 
spectively. The molecular weight of glycogen 
determined by osmotic pressure measurements is 
in the region of 1,000,000 to 2,000,000 (9). There is 
evidence that undegraded glycogen has a molecu- 
lar weight in excess of 4,000,000 (11), indicating 
that the glycogen molecule is made up of perhaps 
as many as 2,000 branches. 

There is some difference in opinion in the details 
as to the manner in which the short chains or 
branches are combined to form the large starch or 
glycogen molecule. Haworth and Hirst (12, 13) 
consider that these branches (repeating units), 
each consisting of from 24 to 30 glucose residues in 
starch and 12 or 18 glucose residues in glycogen, 
are combined by “cross linkages” to form mole- 
cules of extremely large molecular weights. The 
chains are combined in such a way that the free 



23.4,6-ielrarns1hyIglucose 23j6-trimethylglucose ^3_6-trime%lglucose + MeOH 

Fig. 1. Hydrolysis products of methylated starch or glycogen. (Starch, n = 22 to 28; glycogen, 

n = 12 or 18) 


chain will possess a similar “reducing end-group” 
(A in Fig. 1) and a “non-reducing end-group” 
(B in Fig. 1). The proportion of tetramethylglu- 
cosc (non-reducing end-group) obtained from 
methylated derivatives of glycogens from the liver 
or muscle tissues of a number of different animals 
is approximately 9 per cent.- An exception to this 
is the glycogen isolated from the liver of rabbits 
that have been fasted and then fed galactose or 
sucrose prior to the isolation of the polysaccharide 
(3). The methylated glycogen obtained from such 
animals, produces on hydrolysis 7 per cent of tetra- 
methylglucose. The proportions of 9 per cent and 
7 per cent “end-group” corresi)ond to chain 

= Glycogens have been examined by the end- 
group method from the following animal sources; 
rabbit, horse, Mylihis cdulix, dog, snail, dogfish, 
haddock, and hake, (Cf. ref. 7). 


reducing group of a glucose unit of one chain is 
glucosidically linked with the sixth hydro.xyl 
group of a glucose unit in an adjacent chain, thus 
forming a “laminated” structure, shown in Fig. 2. 
The assumption of such “cross linkages” explains 
the presence of occasional glucose units with only 
two e.xposed hydroxyl groups, and accounts for the 
2, 3-dime thylglucose' in methylated starch or 
methylated glycogen. It has been demonstrated 
that regardless of the method of preparation of 
starch methyl derivatives, whether the starch is 
methylated by a drastic or mild procedure, and 
irrespective of the molecular weight of the methy- 
lated starch, the percentage of end-group (tetra- 
mcthylglucose) obtained on hydrolysis remains 
unchanged (8). The observed proportion of 
totramethylglucose, therefore, cannot be at- 
tributed to random hydrolysis of long unbranched 
chains of similarly united residues during the 



FKnKUAT[OX 1*R0CF,ED1NGS 


220 


prcpsiratiou of the molhyl (lorlvnlivca from Klarcli. 

If this were the cnao, (ho i)roi)ortioii of end-Rroiip 
sliouid vary deppiuiinK on tlio mothod of prpimrn- 
tion of ffie moUiylftted starch and sliould increase 
as the molecular weight of the methylalcd starch 
decreases. This, however, is not the case. The 
link bindinR the branche.^ in starch is con.sidcrcd 
a normal covalent bond (j)riinnry valence), inter- 
mediate in strength, between that of a furnnosidc 
linkage, as in sucrose, and a pyranosidc linkage, as 
in maltose (13). Similarly, it is believed that the 
repeating units in glycogen arc held by jirimary 
valences (It). Since it is now established that mo.st 
starches are mixtures of two components, the 
unbranehed amylose and the branched amylo- 
pcctin, this conception of starch structure obvi- 
ously ajjplies to the amylopcctin component. 

Meyer and Fold (15) take the view that branch- 
ing in glycogen and amylojiectin is multiple rather 
than single, ns hold by llaworth and Ilirsl (10). 
This view is based on mcthylation data ns well as 
on the conclusion drawn from the manner in which 

ibububiiaJxEa... 

Fig. 2. Haworth and Hirst’s diagramatic 
formula for starch or glycogen. Each chain (re- 
peating unit) contains 24 to 30 glucose residues in 
the case of starch, and 12 or IS in the case of glyco- 
gen. ICf. ref. 10, 13) 

glycogen and amylopeclin are degraded by certain 
enzymes. Methylated glycogen, assayed by the 
end-group method, contains one terminal glucose 
unit per eleven glucose residues (9 per cent totra- 
methylglucose). lYhen glycogen is subjected to 
hydrolysis by ^-amylase, 47 per cent is degraded to 
maltose. On methylation and hydrolysis of the 53 
per cent of residual dextrin which has resisted the 
P-amylase, 18 per cent tetramethylglucose is pro- 
duced, which is equivalent to one terminal group 
per every 5.5 glucose units. This indicates that the 
outer branches of the glycogen molecule, which 
are attacked by the enziTuo, consist of six of seven 
glucose residues in a-l,4-glucosidic union; 5.5 of 
these residues are split off by ^-amylase, whereas 
one or two remain at the branching point, furnish- 
ing the terminal groups of the residual dextrin. 
Only short chains of an average of three glucose 
residues with free 2,3,6-OH groups are situated 
between these glucose residues whose 6-position is 
occupied by a branch. This conception of a rami- 
fied glycogen structure is represented in Fig. 3. 


A Htinilnr view regarding tboalrueliire of aniylo- 
peclin which involvo.s the idea of multiple brniicli- 
ing is held by Meyer and Hornfeld (10). I'ho 
mcthylation end-group assay inctliod sliows lliat 
the amylopcctin brunches are from 25 to 28 glucose 
units in length. Thc.so branches arc suiiiw.scdly 
degraded with ^-amylase to maltose, leaving a 
residual-dextrin I, to the extent of 55 per cent. At 
thi.H stage of degradation, the brancli points appar- 
ently olTer an obstruction to furllior attack by this 
enzyme. Tlie inference, therefore, is that the out- 
side hranciies of amylopcctin consist of 15 to 18 
gluco.se units, wliereas the inside parts of the 
chains, between branch positions, consist of 8 or 9 
units. After the notion of (S-nmyln.se on starch 
ceases, residual-dextrin I is attacked by o-glucosi- 
dnso (yeast mnltn.se), but not witli jS-glucosidnse 
(cmulsin), with the production of glucose. The re- 
maining substance (residual -dextrin II) can bo 
attacked again by jS-nmylase yielding maltose and 
a residual-dextrin III. Since both the outside and 
inside branches in glycogen arc shorter than in 



Fig. 3. Meyer's sclioraatic representation of the 
branched glycogen molemile. [Cf. ref. 15] 

amylopeclin, glycogen lends itself to the building 
of a more compact molecule, which is almost 
spherical in shape (11). 

Amylopcctin, the branched component of starch, 
or its acetylated and methylated derivative can 
be resolved by fractional extraction with various 
solvents into fractions having different viscosities, 
and, therefore, presumably having different molec- 
ular weights. Amylopcctin of maize starch is thus 
found to be a mixture of polymers having molecu- 
h-ir weights from 50,000 to 1,000,000 (17, 18). Animal 
gll’cogen can also be separated into fractions pos- 
sessing different viscosities. It may, therefore, be 
assumed that glycogen is probably also a mixture 
of branched polj-raers of various molecular weights 
(19). 

There is some evidence indicating that the a- 
linked glucose units in starch do not exist as ex- 
tended linear chains, but as winding spirals. A 
serewUko model for starch was first suggested bv 
Hanes (20) as a possible explanation for the forma- 
tion of short chain doxtrins in the breakdown of 
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starch by a-amylase (Fig. 4). Freudenberg, el al, 
(21) assume the existence of such a model in starch 
to explain the formation of closed ring Schardinger 
dextrins. When starch solutions arc exposed to the 
action of the microorganism Bacillus macerans a 
mixture of water soluble dextrins is produced from 
which two distinct, non-reducing crystalline com- 
pounds may be isolated, a and /3 dextrins. These 
dextrins were first discovered by Schardinger 
about half a century ago and are known by his 
name. The Schardinger dextrins are completely 
non-reducing and upon methylation and subse- 
quent hydrolysis produce 2,3,G-trimethylglucose 
as the sole product (22) ; this proves that they are 
closed ring structures. Inasmuch as there is now 
abundant evidence that the starch molecule con- 
sists of open branched chain structures, the ex- 
istence of such closed rings in the starch molecule 
is not in accord with the present views on the con- 



Fig. 4. Hanes’ hypothetical starch model, 
showing the possible manner in which it is at- 
tacked by of-amylase. [Cf. ref, 20] 

stitution of starch. However, since it is known that 
some microorganisms are capable of synthesizing 
complex carbohydrates, there is good reason to 
believe that the Schardinger dextrins are not pre- 
formed in starch, but are formed in the process of 
enzymatic hydrolysis. Freudenberg postulates 
that Bacillus macerans splits the starch chains to 
fragments containing 5 or G glucose residues and, 
because of the screwlike arrangement of the 
original spirals, every first and fifth or sixth glu- 
cose unit of these fragments arc situated close to 
one another, and are able to unite and form rings 
of 5 or G glucose units. 

To show that such a screwlike structure is pos- 
sible from the standpoint of space configuration, 
Freudenberg constructed a model of a-dextrin 
indicating the position of its atoms in space. The 
glucose units are situated perpendicular to the 
plane of the ring-shaped pentaglucosan (Fig. 5). 
The figure is based upon a cis form and the carbon 
atoms 1 and 4 lie in one plane of the equilateral 
pentagon. The C— 0 bond connecting the glucose 
units lie in a straight line. Because of the particu- 


lar angle of the o.xygen an equilateral pentagon is 
formed with five oxygen atoms of the 1,4 linkages 
situated in one plane. In /3-dextrin, with six glu- 
cose units, the corner o.xygen atoms lie in two 
planes. However, recent X-ray data presented by 
French and Rundle (23) show that the a-dextrin 
(cyclohexaamylose) contains six glucose residues, 
while the /3-dextrin (cycloheptaamylose) contains 
seven glucose residues in the ring. 

The assumption that Bacillus macerans splits off 
starch fragments of 6 or 7 glucose units and then 
unites them through the terminal glucose residues 
into rings is perhaps the simplest hypothesis for 
the mechanism of formation of the Schardinger 
dextrins. However, there is no experimental evi- 
dence for this mechanism. The assumption of 



Fig. 5. Freudenberg’s model for a-dextrin 
(Schardinger’s dextrin), illustrating the relative 
space positions of the atoms of the glucose units. 
[Cf. ref. 21] 

other mechanisms, such as splitting off of succes- 
sive anhydroglucose units from the starch chains, 
which are then used for the synthesis of closed 
ring dextrins, cannot be at present excluded. 

It is generally agreed that in solution the starch 
macromolecule is held together only by primary 
valences. However, there is evidence indicating 
that the macromolecules themselves are associated 
by hydrogen bonds to form large particles. It has 
been observed that starch always exists in plants 
in granular form just as cellulose appears in the 
form of fibers, or some proteins as globules. The 
assumption is that the hydrogen bond is probably 
the intcrmolecular force which determines the 
mode of occurrence and is responsible for the speci- 
fic properties of these natrual materials. The 
granule is disrupted by hot water and acids, agents 
known to affect hydrogen bond formation. The 
starch granule may also be directly methylated to 
give a product with a molecular weight of about 
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half a million, Wlirn mothylaUHl, tho starch do- 
rivalivo iloc.s not rcjn'cripitatc in the tiranlular 
form, however (HI). This is apparently ihie to the 
.suhstitution of the liyilroN.vl groups hy methoxyl 
groups, which tlo not form hydrogen houila. 

The amithisc and amiilopcctin enmponrnl!: 
of starch 

The names, amylosc and amylopeetin, used 
earlier in a dilTerent sense, are still retaine<l hy 
most investigators to deserihe the t wo starch com- 
ponents. The chief chemical difference that dis- 
tinguishes amylose from amylopeetin lies in the 
fact that the former is constituted of unhranched 
chains of glucose residues, joined only through 
n-glucosidic-l ,'!-linkages, while the latter also 
contains n-glucosidic-l .G-linkages, which arc 
present at the hranching imint.s. The two starch 
components can he so|)aratcd hy a mimher of 
different procedures, such as luit water extraction, 
elect rodialy.sis, and butanol preciinlation. 

When starch is swollen in water at a temperature 
of approximately TITC. the grains are not ruptured 
and the crude amylose can he extracted from the 
swollen grains and separated hy settling or cen- 
trifuging, Since the amylosc can he leached out 
from starch granules with hot water, it api)ear.s 
that its solubility in the starch granule is greater 
than that of amylopeetin. However, the amylosc 
becomes more insoluble than the latter after it has 
been precipitated and dried. The small amount 
that dissolves rapidly retrogrades from solution. 
The more completely the atnylose is separated 
from the amylopeetin, the more insoluble the 
amylose becomes. The retrogradation of the amj’- 
lose is attributed to its greater orderliness of 
molecular orientation and tendency to e.xist in the 
cri’stalline state. 

Schoch (24) introduced a unique method for 
separating amylose from starch by using butanol 
as a selective precipitant. When a dilute starch 
solution saturated with butyl alcohol is autoclaved 
and cooled, the amylose precipitates in the form of 
six-leaved rosettes or microscopic needles which 
can be separated by centrifuging. Applying the 
butanol precipitation method to a hot water ex- 
tract, Kerr and Severson (25) obtained what ap- 
peared to be single crystals of amylose (Fig. 6), 
Complete methylation of amylose and separa- 
tion of the methylated sugars after hydrolysis 
produces approximately 0.3 per cent of tetra- 
methylglucose, an amount of “end-group” corre- 
sponding to an approximate chain length of 300 
glucose units (26, 27). This value is of the same 
order of magnitude as the molecular weight deter- 
mined by viscosity and osmotic pressure measure- 
ments, indicating that amylose consists of a single 
long unbranched chain of about 300 glucose units. 
The fact that no significant amount of dimethyl- 


ghicn.se can he detected from the hydndysis 
products of methylated umyl<is(! supports this 
c.onclusioii. This docs not, however, exeludo the 
possibility that tint value of .'100 represents an 
average of longer and shorter chains of amylosc. 
When amylopeetin and unfractionated starch an; 
subjected to the action of d-amylasc, the (mzy- 
niatic hydrolysis ceases when ap|)roximatcly !)!> 
per cent and (it) per cent of lhe.se materials, respec- 
tively, are convertcil into maltose. The difTerenee 
in behavior of d-»mylase toward simylose and 
amylopeetin is in accord with the view that the 
former is an unhranched while the latter is a 
branched molecule. It is assumed that d-amylase 
attacks the non-rcducing ends in the starch mole- 
cule, splitting off successive mallo.se fragments. 
Since branching in amylopeetin occurs on the 0th 
carbon of some of the glucose units in the chains, 
the.se I.fi-linkages are probably responsible for 




ex 

C) 

! e ^ 



Fig. 6. (a) (Left) Schneh’s amylose (butanol 
precipitated fraction of jjotnto starch, stained 
with iodine. X 150) (b) (Hight) Kerr’s crys- 
talline corn amylose. (X 200) |Cf. ref. 21, 25| 


stopping the hydrolysis at or near the points of 
branching. With amylosc, having an unbranehed 
structure and, therefore, no such linkages, the 
hydrolysis by /S-amylase continues until the whole 
molecule is degraded to maltose. 

Amylose, existing in the potato starch to the 
e.xtent of about 20 per cent, produces a blue color 
when treated with iodine which is approximately 
six times as intense as that of amylopeetin, and 
three times as intense as the color given by un- 
fractionated starch (28). The production of the 
blue color when starch is treated with iodine is, 
therefore, chiefly a property of the amylose frac- 
tion. The property of amylose to bind iodine pref- 
erentially when in admixture with amylopeetin 
has been made the basis of a quantitative method 
for the determination of amylose in starches. Thus 
Bates, French, and Bundle (29) demonstrated the 
amylose content of the various starches to be as 
follow's: tapioca 17, rice 17, banana 20.5, corn 21, 
potato 22, popcorn 23, wheat 24, sago 27, and lily 
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bulb 34 per cent. Waxy rice, waxy sorghum, waxy 
corn, and waxy barley starches are entirely devoid 
of amylose. 

Synthetic starches 

The isolation of glucose-l-phosphate (Cori 
ester) and of the enzyme muscle phosphorylase, 
paved the way for the synthesis of polysaccharides 
having glucose, linked through Q:-l,4-glucosidic 
linkages, as the fundamental unit. Cori and Cori 
(30) succeeded in synthesizing in vitro a polysac- 
charide by the action of the enzyme, phosphory- 
lase, from msucle extract on glucose-l-phosphate. 
A similar polysaccharide was synthesized by 
Hanes (31) from the same ester with the aid of an 
enzyme from the potato tuber. It is interesting to 
note that both of these polysaccharides are closely 
related to the amylose fraction of starch. Like 
amylose, the synthetic polysaccharides are slightly 
soluble in water, rapidly retrograde from solution 
on standing, and produce a sharp X-ray V-diffrac- 
tion pattern. They give a very intense blue color 
with iodine and are completely converted to mal- 
tose by /3-amylase. Data obtained by the end-group 
method show that like amylose the synthetic 
starches are made up of unbranched chains of 
glucopyranose units. The polysaccharide synthe- 
sized by the action of potato phosphorylase has an 
average chain length of 100 glucose units (32, 33) ; 
the polysaccharide produced by the action of 
muscle phosphorylase is approximately 200 units 
in length (34). However, not all the known syn- 
thetic polysaccharides possess an unbranched 
chain structure. The polysaccharide synthesized 
in vitro by heart or liver i)hosphorylase (35) ex- 
hibits the properties of natural glycogen. It is 
soluble in water, gives a reddish-brown color Avith 
iodine, does not retrograde from solution, and pro- 
duces a diffuse X-raj' pattern characteristic of 
amorphous material. These properties indicate a 
branched chain structure. Haworth, ct al. (36), 
have also recently reported the preparation of an 
enz^'ine solution from potato which converts 
glueosc-l-phosphate into a polysaccharide, prob- 
ably identical with the amylopectin component of 
natural starch. It is soluble in water and produces 
a purple-red color with iodine. When acted upon 
by 0-amylasc, the hydrolysis is arrested, as in the 
case of natural amjdopcctin, before conversion 
into maltose is completed. The end-group assay 
method shows that the chains in this polysaccha- 
ride consist of about 20 glucose units. 

Slarch-iodinc color reaction 

Freudenberg (21) explains the blue starch-iodine 
color by assuming that starch possesses a helical 
structure. When treated with iodine, the iodine 
molecules enter the starch spirals and arc de- 
posited in the center of the helices. The hydrogen 


of the first and fourth carbon atoms of each glucose 
unit form a hydrocarbon lining within the spiral, 
measuring about 5 A across the unfilled open space. 
An iodine molecule, 6.3 A long and 3.8 A thick, can 
fit vertically within this spiral so that there is one 
molecule of iodine for each sequence of 10 CH 
groups. In a hydrocarbon medium iodine is known 
to give a blue color, rather than the red color pro- 
duced in water or other polar solvents. In short 
chain dextrins of about six glucose units produced 
from starch by degradation with amylase or treat- 
ment with acid, this arrangement of CH groups in 
the fragments is destroyed and, therefore, pro- 
duces no color when treated with iodine. Meyer 
and Bernfeld (37) do not consider this an adequate 
explanation, claiming that some substances known 
not to have a helical structure, such as methylated 
cellulose, or cellulose which has been swollen with 
zinc chloride, also give a blue color with iodine. 
According to these authors, the explanation of the 
blue iodine color resides in the colloidal structure 
of these compounds. 



Fig. 7. (a) (Left) Crystalline micelles (thick 
lines) in layer of a starch grain, (b) (Right) 
Open network structure of swollen amylopectin. 
The connected crystalline micelles are shown by 
thick lines. [Cf. ref. 4l] 

Rundle and collaborators (38, 39) point out that, 
since no one model is capable of explaining the 
many known colored iodine compounds other than 
starch, Meyer's criticism of the helical starch 
model is not serious. Rundle, cl al., present further 
evidence to strengthen Freudenberg’s view by 
showing that starch-iodine solutions exhibit di- 
chroism of flow, the light with its electric vector 
parallel to the flow lines is more strongly absorbed 
than light with its electric vector normal to the 
flow lines. The dichroism of flow requires that the 
long axes of the iodine molecules in the complex be 
parallel to the long axis of the starch-iodine com- 
plex. They believe that the optical properties of 
starch-iodine complexes may be best interpreted 
in terms of helical starch chains. 

Crystalline nature of starch 

Starch placed in the path of an X-ray beam pro- 
duces diffraction patterns characteristic of crys- 
talline material, showing the existence of a molecu- 
lar orientation (40). The term “crj’stnlline,” as 
applied to starch, should not be interpreted in the 
same sense as when referred to compounds having 
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inJiviihiul oryt-tsU?. Acoordiiii; to Mcyor 

(41),roHnin roc.ion.'i of the ntnii’)) c.riniiiii' miitaiii 
syl'r.ucri'jcojoo jui-.t: wjit'ri' I'lulioti?; of iweni! 
ch.iii! nuili’Cldo;' .’trc oiionlod ioj;('(lier l>y t-vrtoul- 
nry V!\lrnr('>'. piolinlily )iyiiro(:i'ii lioinl.'i. 
topnii's, forniiii>: Intticc-lil.c iirmiii^i'nii'iil.T aiui 
coiistiUitini; inul of (lu'i4nu'turo of ii!ilivi'i;t:ucli, 
aro Iwiicil “rry.ftnllito.';’’ (I'ii;. ")• I'iioy nro dc- 
ftroyctl wlu'n ptnrrli is colatiniri'il in liot wntcr, 
I'ul ati’ roformctl wlioii {lio i:i'l i.'i .‘illoocil to it'lro- 
padp. In tlir o;im' of util>r,'>noliiHi loin: rli!\inc<l 
amylofo nudcptilc.'! or oitli i;hor(<'r lit:iin’lu‘s of 
amylopcplin, tlir rlinins an' |)nrli!illy orii'iitod, 
KsiiUini: in tlu' foninition of foioli ort.sinllmc re- 
pons. In tlio .nrc.n.s bctwpon flic rry-itnlliiio regions, 
.'ucli orientation is lackini; ami tiicsc non oricntcii 
tnoleculrs iiiakc. tip the nniorpliotis materia! <if the 
starch pramilo. Glyeopcn, con.si.stimt cntiii'ly of 
nniUi-branchcd abort molccule.s. cannot form iv 
rogular arranpoment with other nioleeule.s, which 
accounts for the fact that tliis polyfaccitaridc 
aiways exists in amorphous state ami prmlucc.s a 
diflfuse X-ray pattern. 

^on~carhohi/dratc subftaiiccF in rtarc/i <t>ul glt/cogcn 
For a long time the concept prevailed that .starch 
exists in organic combination with non -carbohy- 
drate materials such a.s phosphorus, fatty acids, 
and silicic acid. It has recently been shown that, 
except for phosphorus, thc.se materials cx'ist in 
starch as impurities xvliich can be eliminated by 
careful purification. 


Hcliiich (12) lias demoinslrated llmt the fatty acid 
material in corn, rice, and wheat litarclics can bo 
removed xvithout hydrolytic degradation by ox- 
traetion with walei'-miseibk' f.at solvent.^ such ns 
nu'lh'iiuil or SO per cent dio.xano. Similarly, Lehr- 
man (•I.'i) arrived at the conclusion that the fatly 
aeids n.s.sociatcd with starch arc probably ad- 
sorbed. White tlie grealc.st iiroportion of the pho.s- 
phoriw material can bo extracted with hydrophilic 
fat soh'cnt.s from corn, wheat, and rice ns lipid 
material, the same treatment remox'cs only a very 
small fraction of tiie plawpliorus in potato starch 
(•12). This iiho.sjihorii.s, which constitutes about 
0.01) Iter cent of the starch, is probably o.stcrifiod 
with the carbohydrate, but it is doubtful whether 
f hi.s small amount pl.ay.s any sigiii/icniit role in the 
metnholi.sm of tliis polysaccharide. Ling and 
Xanji’s (-I-i) claim that starch is linked with silicic 
acid in form of an c.stcr is not substantiated by 
recent work. 

Similarly, the belief that glycogen exists in or- 
ganic combination with pho.sphoru.s (dS) has now 
been discarded. Somogyi OIG) has sliown that gly- 
cogen prepared by precipitation with dilute alco- 
hol (33 per cent) is practically free of pho.sphoru.s 
and nitrogen. 

The author is grateful to Dr. R. W. Kerr and to 
Dr. T. .T. Schoch of the Corn Products Refining 
Company for their pliotomicrographs of the crys- 
talline amyloscs. 
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THE MECHANISM OF FORMATION OF STARCH AND GLYCOGEN 
GERTY T. CORI, MARJORIE A. SWANSON and CARI; F. CORI 
Department of Pharmacology, Washington University School of Medicine, Si. Louis 


When one considers the reaction, (n) glucose-1* 
phosphate — » (n)P 04 -f polysaccharide, one might 
believe that 2 or more glucose-l-phosphate mole- 
cules can react with the enzyme in such a manner 
that an o-glucosidic chain is started which grows 
by further additions of glucose-l-phosphate 
units. Actually, no reaction takes place when 
highly purified materials (crystalline muscle 
phosphorylase or purified potato phorphorylase 
and synthetic glucose-l-phosphate) are used, even 
when enzjmie and substrate are incubated for 
many hours. Glycogen or starch has to be added 
to the reaction mixture in order to obtain poly- 
saccharide synthesis from glucose-l-phosphate 
(1,2,3). 

The rate of the reaction, all other conditions 
being constant, depends on the nature as well as 
the amount of activating polysaccharide which is 
added. Of the two polysaccharides which make up 
natural starch, the branched portion (amylo- 
pcetin) has activating power, while the linear 
portion (amj’losc) has little effect in concentra- 
tions in which amylopectin is strongly activating. 
On comparing amylopectin and glycogen, one finds 
that the former has more activating power for 
potato phosphorylase than the latter, while the 
reverse is true for muscle phosphorylase. These 
two enzymes can be used as tools for the differen- 
tiation of polysaccharides in a manner which will 
be described later. 

Kinetics of polysaccharide artiratioa. The effect 
of glycogen concentration on the rate of reaction of 
glucose-1 -phosphate (l-estcr) is .shown in Fig. 1. 
When no glycogen i.s added, no reaction occurs; 
with 10 mg. percent some l-ester is converted to 


polysaccharide, but the reaction fails to reach 
equilibrium even in 20 hours; with 40 mg. per cent 
the reaction reaches equilibrium at a rate which 
falls off more rapidly than that of a first order reac- 
tion; with 500 mg. per cent the reaction proceeds 
at maximum rate and is kinetically of the first 
order throughout its course. 

The following explanation has been offered for 
this kinetic behavior (4). The activating poly- 
saccharide is one of the participants in a bimolecu- 
lar reaction, as formulated in the introduction to 
this symposium, and its concentration would 
therefore be expected to influence the rate. In an 
abbreviated form the reaction may be written as 
follows : 

(CcHioOs)^ -k 1-ester — * (CeHioOslx+i -k phosj)ha1e, 
(CcHioOsls^-i -k 1-ester . . . etc. 

According to this hypothesis polysaccharide syn- 
thesis consists in a lengthening of the side chains 
or branches of the activating polysaccharide by a 
repetition of the process formulated above until 
chain length becomes a factor limiting the rate. 
This would explain why polysaccharides with 
many branches and short chain length, amylopec- 
tin (4.5 per cent end groups) and glycogen (9 per 
cent end groups) have strong activating power, 
while the linear polymer, amylosc (0.3 per cent 
end groups) has little effect . It would also e.xplain 
why the linear jiolysaccharidc formed by pho.s- 
phorj'lnse itself has no activating effect during the 
course of the reaction. • 

In the following calculations, the a.s.suniptiori 
hn.s been made that all tin* branches indicated by 
end grouj) determinations are u.sed as nuclei for 
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polysaccUaridc synlliCMS. Accordin(;ly, a glycoRoiv 
solution o{ 0.02 per cent (at wliich concentration 
tl\o iiiilial rate of the reaction is half maximal) 
would contain 1.1 X 10-*Mtcrn\inal rIucosc units. 
The chain Icnpth of the newly formed polysaccha- 
ride would then depend on the concentration of the 
added rIucoso-I -phosphate; it it were l.S X 10"' 
M, as in the experiments in Flp. 1, the average 
chain length attained at equilibrium, correspond- 
ing to a conversion of "8 per cent of the added 1- 
estcr, would be about 130 glucose units. 

A similar calculation tor the experiment with 
0.5 per cent glycogen would give an average chain 
length of only 5 glucose units. Many short poly- 
saccharide chains would be formed, so that chain 
length would not become a factor limiting the rale 
of the reaction. Furthermore, the reaction, al- 
though bimolccular, would be kinelically of the 
first order, bec.ause the concentration of one of the 



Fig. 1. Effect of glycogen concentration on the 
rate of conversion of glucose-1 -phosphate to poly- 
saccharide by crystalline muscle phosphorylase. 

two reactants, the terminal glucose units, would 
remain constant. It may also be seen why the equi- 
librium, within certain limits, is independent of 
the concentration of the added glycogen, a fact 
which has been established experimentally for 
concentrations ranging from 0.02 to 1 per cent (I). 
If the usual mass law expression is written. 


"terminal " 


maltosidic 

[phosphate] 

_linkage 


’terrainall 

glucose-1- "1 

.glucose J 

.phosphatej 


two of the concentration terms cancel each other, 
and the value of the equilibrium constant, at a 
given pH, will be solely determined by the ratio, 
phosphate/ glucose -1-phosphate . 

The experiment with 0.01 per cent of activating 
glycogen in Fig. 1 shows that only 25 per cent of 
the added I-ester had been used up at a time at 
which the reaction had become very slow. Other 


experiments have .shown that when enough glyco- 
gen is added at this point to raise its concentration 
to 0.5 per cent, full enzyme activity is rc,slorcd 
immediately M). 

The time required for the reaction to reach cciui- 
libriiim in the pre.scncc of low eoncentrations of 
activating glycogen depends on the enzyme con- 
cculralton (1) . It has been found that the maximal 
chain length which can bo built up when high con- 
centrations of muscle phosphorylase arc used is 
about 200 glucose units and that, if the initial ratio 
of concentrations, glueosc-l-pbosphato/lcrminal 
glucose units of glycogen, is greater than 200, the 
reaction fails to reach equilibrium. This is illus- 
Irnlcdintablcl. 

TABLE 1 


Chain Icnijth of poli/sacchaiidc st/nilicsizcd by 
titnxclc phosphorylaKc 


CLYCOCEN AODCD 

ADDED Ur.srcK WJUcn 
KCACTEO 

CTtAlK 

iENCTn 


icrmmal 



cai. 

ca!c. 

mg.% 

glucose uniu 
M X 10-* 

/(J 

M X 10-» 

45 

2.5 

40 

3.6 

152 

41 

2.3 

45 

3.6 

157 

45 

2.7 

51 

5.0 

218 

50 

2.R 

54 

D.S 

232 

54 

5.0 

6* 

0.0 

230 

55 

5.1 

CS 

7.2 

232 

60 

3.3 

74 

7.4 

224 

40 

2.2 

77 

4.8 

223 

SO 

5.1 

78 

8.3 

103 

54 

3.0 

62 

G.l 

203 


End group drtermination on pooUd sample: 

Total tctrnmctlij'lclucwK! , . , 0.!'5% 105 

CotrccUon lor added Klycogen 0.40% 


Tctraracthylglucoie in .\\'nthelic polysaccliarido. 0.55% 180 

The data in this table, which have not been 
presented before, were taken from individual ex- 
periments in which a large amount of synthetic 
polysaccharide was prepared for end group deter- 
minations (5). 

The average amount of glucose-l-pbosphate 
which had reacted at the end of 18-20 hours was 62 
per cent of the amount added. Had equilibrium 
been reached, 80 per cent should have reacted. It 
may be seen that the reaction stopped when a 
chain length of 150 to 230 glucose units had been 
reached. • 

The polysaccharide obtained in the nine prepa- 
rations was pooled and amounted to 15.2 gm. plus 
0.76 gm. of glycogen which bad been added to 
prime the reaction and which could not be sepa- 
rated from the synthetic polysaccharide. These 
figures alone would be sufficient to indicate chain 
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length, since 15.2/0.076 » 200. End group assay 
by Dr. Hassid showed 0.95 per cent tctramethyl- 
glucose which corresponds to an average chain 
length of 105 glucose units. The diBcrepanc 3 ’' be- 
tween this value and the calculated one may be 
due to the breaking off of the long chains, wherebj' 
an additional end group would be exposed for each 
chain which is broken off. On this assumption a 
correction has been applied for the added glyco- 
gen; the average chain length of the synthetic 
polysaccharide obtained from end group assaj' 
and by independent calculation then shows satis- 
factory agreement. 

Experiments similar to those in table I were 
carried out with amylopectin and amylose as acti- 
vating polysaccharides (6). The maximal chain 
length which could be built up by muscle phos- 
phorylase with amylopectin as activator was some- 
what less than with glycogen. 

Amylose, which is poorly soluble in water, was 
dissolved in 3 N KOH and neutralized with HCl. 
In this manner sufficient!}' concentrated and stable 
solutions could be prepared for these teats. It was 
necessary to use amylose in a final concentration 
of 500 mg. per cent in order to get an appreciable 
phosphorylase activity. If it is assumed that the 
amylose has an average chain length of about 200 
glucose units, this would correspond to 1.4 X 
10”'' M end groups and would be equivalent in end 
groups to a glycogen concentration of 25 mg. per 
cent. The initial rate of the reaction with 500 mg. 
per cent amylose was about the same as with 25 
mg. per cent of glycogen and was therefore propor- 
tional to the number of end groups offered, but 
the number of glucose units which could be added 
to amylose was very small. After 20 hours of incu- 
bation with 500 mg. per cent amylose 23 per cent 
of the added 1-ester or 3.1 X 10”’ M had reacted 
and this would correspond to a newly formed chain 
length of only 22 glucose units. The total chain 
length would therefore be about 220 glucose units 
and this is of the same order of magnitude as the 
maxima! chain length which is built up with glj'co- 
gen as the activating polysaccharide. 

It should be emphasized that the results dis- 
cussed so far apply only to muscle phosphorylase, 
an enzj’me which can be prepared in a high state 
of purity. In experiments with potato phosphorj'- 
lase it was found that chain length was not a factor 
limiting the rate. This was indicated bj' the obser- 
vation that equilibrium could be reached when low 
concentrations of amylose were used as the acti- 
vating polysaccharide. This experiment will have 
to be repeated when the enzj'me as well as the 
amj'losc have been subjected to further purifica- 
tion. At the present stage of purity of the potato 
enzyme the presence of the branching factor which 
is described in the next section cannot be ex- 


cluded.’ Other enzymes which are present in crude 
preparations of potato phosphorylase and which 
could interfere are a-amylase and phosphatase. 
The former splits amylose into fragments which 
activate potato phosphorylase, while the latter 
splits the 1-ester and thus simulates phosphorylase 
activity. 

Siruciure of synthetic polysaccharides. It was 
surprising to find, when muscle phosphorylase was 
first prepared (7), that the polysaccharide formed 
by it gave a blue color with iodine, while prepara- 
tions of brain, heart, liver and yeast phospWy- 
lase formed a polysaccharide which gave a brown 
or purplish-brown color with iodine. Subsequent 
work with synthetic polysaccharides prepared 
with potato or muscle phosphorylase showed the 
great similarity of these products to the amylose 
fraction of natural starch with respect to solu- 
bility characteristics, x-ray diffraction patterns. 
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Fig. 2. Activity of muscle phosphorylase wlien 
combined with supplementary enzyme from liver. 
No glycogen was added to prime the reaction. 
Curve A, muscle phosphorylase or supplementary 
enzj’me ‘alone. Curve B, the two enzymes com- 
bined. 

intensity of coloration with iodine, digestibility 
by |3-amylase, number of end groups, and low 
activating power for phosphorylase (5, 8). 

The polysaccharide formed by liver phosphory- 
lase resembled glycogen in solubility, the 
amorphous nature of its x-ray diffraction pattern, 
coloration with iodine, and activating power for 
phosphorylase. It seemed likely that the relatively 
impure enzj’me preparations of liver and heart 
contained an additional factor which, in combina- 
tion with phosphorylase, resulted in the formation 
of a branched type of polysaccharide. Water ex- 
tracts of skeletal muscle for an as yet unknown 
reason yield only traces of this factor. 

’ The potato phosphorylase was prepared by Dr. 
A. A. Green and had 10-15 units per mg. protein. 
One unit corresponds to the formation of 0.1 mg. 
P in 5 minutes under standard conditions; starch 
500 mg.%, glucose-l-phosphatc, dipotassium salt, 
750 mg.%, M/10 citrate buffer pH 0.5, temp. 30°. 
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Thiit the factor is enzj’inalic is indicated by tlic 
observation that when crystalline nuiscio phos- 
phorylase is combined with a hcal-lnbile protein 
fraction of liver or heart, a polysaccharide is 
formed whicli gives a brown color with iodine and 
which activates phosphorylasc (9), A striking 
typo of activity curve is obtained when no glyco- 
gen is added (cNCcpt for the traces that arc intro- 
duced .with the liver or heart protein fractions). 
This is illustrated in Fig. 2. Neither phosphorylasc 
alone nor the supplementary enzyme alone show 
any measurable activity; when both arc combined 
one finds a pronounced induction period, followed 
by an autocat.alytic curve. An autocat.alytic curve 
would result if a polysaccharide were formcil which 
had an activating power similar to that of glyco- 
gen. That this was the case was shown by the isola- 
tion of the polysaccharide by treatment ivith 
strong alkali and precipitation with alcohol. In a 
concentration of 30 mg. per cent it had ns much 
activating power for phosphoiylasc ns an equal 
concentration of glycogen prepared from liver by 
Pflucgcr’s method (9), 

The formation of a branched typo of polysaccha- 
ride appears to bo due to the simultaneous action 
of two enzymes, one being phosphorylasc which is 
specific for a-l,4-glucosidic linkages and the other 
an enzyme which makes l,C-glucosidic linkages 
and thus starts branches which can grow in length 
through the action of phosphorylasc. Depending 
on the ratio of the two enzymes, a variety of 
branched type of polysaccharides could be formed 
such as glycogen, amylopectin, com glycogen and 
others, each differing somewhat in structure. 
Evidence for differences in structure of these poly- 
saccharides is presented in the next section. 

In a preliminary note Haworth, Peat and Bourne 
(10) have reported the occurrence of a branching 
factor in extracts of potatoes which (presumably 
in combination with phosphor 3 ’lase) forms a poly- 
saccharide that resembles amylopectin in a num- 
ber of properties. 

The differeniiatioit of polysaccharides by medns 
of vmscle and polalo phosphorylasc.- A comparison 
of the activating power of different polysaccha- 
rides for the two enzymes is shown in table II. 
The polysaccharides were disolved in water, 
with heating if necessary, and filtered; their con- 
centration was determined by means of glucose 
estimations after acid hydrolysis. They were then 
adjusted to equal concentrations for enzyme tests. 
The range of concentrations tested O'as between 20 
and 60 mg. per cent in the different experiments. 

= The observations recorded in this and in the 
following sections, except where indicated, are 
from unpublished experiments. This work was 
supported by a grant from the Corn Industries 
Research Foundation. 


It lm.s been found that Iho combination of Htarch 
and amylopectin with the potato cnzj'ino and of 
glycogen with the mu.sclo enzyme (4) is oxpresaod 
F X c 

by the equation, v «= •; — ; — , where c i.s the concen- 
/; 4“ c 

tratioii of the activating polysaccharido, V the 
maximal enzyme activity attained at high eonccn- 
tralions of c, and t' the enzymatic rate observed at 
a given concentration of c. The constant, gives 
a numerical value for the concentration at whi^li 
one Imlf of the enzyme is combined with the acti- 
vating polysaccharide and corresponded to 12-15 
mg. per cent for starch and amylopectin and 20 
mg. per cent for glycogen in the c.vpcrimcnts with 
the two enzymes referred to above, h was not de- 
termined for the other polysaccharides; they were 
merely comiiared with respect to v when c was kept 
constant. 

Schoch’s amylosc showed an anomalous behavior 
in tests with the potato enzyme. The value of k 
dccrc.a.sed progressively as the concentration of 
amylosc was increased. This may be due to the 
presence of impurities with an activ'ating power 
greater than" that of amylosc. Such a possibility is 
also suggested by the observation of Green and 
Stumpf (3) and of Ilidy and Day (11) that amylosc 
synthesized by potato phosi>horylaso in vitro has 
practioally no aejivating effect on the enzyme. 

Further differentiation was obtained when these 
polysaecharidcs were hydrolyzed in acid for v’ari- 
ous lengths of time and the split products, after 
neutralization, were tested for their activating 
power. The per cent hydrob’sis was determined b}’- 
means of a copper reagent of high alkalinity and 
heating for 30 minutes. The hydrob’sis of amylosc, 
amylopectin and maltose in 7.7 N HCl at 30° fol- 
lowed first order kinetics throughout its course and 
gave a velocity constant of 1.05 X 10”’min.“* The 
hydrolysis of glycogen was less regular and the 
constant was about 10 per cent lower. It is to be 
noted that 0 N HCl was used in the experiments 
with the muscle enzyme and that the rate of hy- 
drolysis of polysaccharides in 6 N HCl was only 
one fourth that found in 7.7 N HCl. 

Characteristic curves were obtained when en- 


zyme activitj' was plotted against time or per cent 
of hydrolysis of the polysaccharides. Only the 
salient features of these curves are given in 
table II. 

Liver glycogen is characterized bj^ an immediate 
rise in its activating power which occurs before an 
appreciable hydrolysis has taken place and which 
is more marked with the potato than with the 
muscle enzyme. The activity of the latter enzyme 
declines sharply on continued hydrolysis of glyco- 
gen and it is for this reason that a lower acid con- 
centration was chosen, otherwise the initial rise in 
activity can easily be overlooked. After treatment 
until 7.7 N HCl for 120 minutes the activating 
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effect of glycogeu for muscle phosphorylase has 
practically disappeared, while the activity for 
potato phosphorylase shows little decline, ’ even 
after longer periods of hydrolysis. A sample of 
liver glycogen which was non-opalescent in 10 per 
cent solution was prepared by Dr. Somogyi bj' 
treatment with weak acid. The effect of this treat- 
ment is noticeable in the enzyme tests, since this 
material has more activating power for both 
enzymes than gl}^cogen not exposed to acid. 


tato phosphorylase. Applying these criteria, it 
may be seen that the so-called glycogen of sweet 
corn described by Morris and Morris (13) resem- 
bles amylopectin rather than glycogen. Since this 
polysaccharide is kept in solution in 66 per cent 
acetic acid in the method of its separation from 
starch, it is probably somewhat degraded. 

Hidy and Day (11) subjected amylose to hy- 
drolysis in about 7.5 N acid at 27 to 28° and found 
that its ability to activate potato phosphorylase 


TABLE II 

Activating effect of various polysaccharides (in concentrations of 20 to 60 mg. per cent) on muscle 

and potato phosphorylase 

Polysaccharides dissolved in water or hydrolyzed in HCl at 30° for various periods. 

Comparisons w'ere made wdth equal concentrations of polysaccharides and of enzyme and are ex- 
pressed in per cent of standard, glycogen in w%ater for muscle and amylopectin in water for potato 
enzyme. 


POLYSACCHARIDE 

METHOD OF PREPA- 
RATION* 

SOOECE 

MUSCLE ENZYME 

POTATO ENZYME 

Poly- 
sacch. 
in H-O 
Activity 

Polysacch. in 6 N HCl 

Poly- 
sacch. 
in HsO 
Activity 

jPolysacch. in 7.7 NHCl 

Activity 

Time 

Hy- 

drolysis 

Activity 

Time 

Hy-. 

drolysis 






min. 

% 



min. 

% . 

Rlycogen 

with or without 

liver 

100 

140 

25 

2 

20 

SO 

10-120 

2-22 


heating in KOH 

1 


34 

140 

8 





glycogen, non-opalescont. 

Somogyi • 

Uvor 

109 




Cl 




"glycogon" 

Chargaff 

tubercle bacilli 1 

33 

no 

25 

2 

12 

60 

10-00 

2-14 



i 


36 

140 

8 


1 



“elycogon" 

Hassid 

sweet corn 

70 

56 

30 

2 

86 

83 

|l0-60 

2-14 





23 

200 

12 





stfirch 

U.S.P. 

corn 

45 




82 




soluble starch 

1 

1 


45 
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amylopectin 

Schoch 

corn 

64 

46 

30 

2 

100 

88 

10-120 

2-25 





12 

200 

12 
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The bacterial glycogen of Chargaff and Moore 
(12) is of particular interest since it is rather homo- 
geneous and has a particle weight of 12 million as 
calculated from rates of sedimentation and diffu- 
sion. Short treatment of this macro-molecule with 
acid markedly increases its activating pow’er for 
both enz 3 'mes. 

Amylopectin behaves quite diffcrentlj' from 
glycogen when the first stages of acid hydrolysis 
are compared. An increase in activating power 
c.nnnot be demonstrated cither with muscle or po- 


increased up to the achromic point and then de- 
creased. This observation has been confirmed and 
extended. The same authors reported a marked in- 
crease in the activating pow'er of starch, when 
subjected to acid hydrolysis. In our c.xperimcnts a 
rclativelj'^ slight increase was noted which wa.s the 
same as that obtained with a mixture of 80 per cent 
amj’lopectin and 20 per cent amjdose, the propor- 
tion in which these polj'saccharides occur in corn 
starch. Since amylopectin alone did not show' an 
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increase in acliviiting power on acid hydrolysis, 
that ot slarcli is dne to its sxmyloso content. 

A curve showing the relation between eiiJiyino 
activity and per cent liydrolysis of iitnyloso is 
shown in Fig. 3. Initial part.s of curves for ainylo- 
pcctin and glycogen arc included for comparison. 
It m.ay bo seen (hat enzyme activity reached a 
peak when 30 jior cent of the amylo.so had been 
liydrolyzcd. The average chain length at thi.s point 
was determined in the following manner. The 
hydrolysis products of amyloso were subjected to 
yeast fermentation which removed glucoso and 
maltose, neither of which activates phosphoryla.se. 
The reducing power of the unfermented dextrins 
showed a five fold increase after complete hydroly- 
sis in acid; hence the .average chain length of the 
dextrins was about 5 glucose units when the en- 
zyme activity in Fig. 3 reached its maximum. 



Fig. 3. Effect of products of acid hydrolysis of 
amylose on activity of potato phosphoryhisc. 
Solid line, amylose; dashed line, glycogen; ojicn 
circle, amylopectin, all tested in a conccntr.ationof 
32 rag. per cent. Enzyme activity exiircsscd in per 
cent of maximum activity with 500 mg. per cent 
starch. 

This finding would indicate that potato phos- 
phorjdase can be activated by relatively short 
polj-saccharide chains. A direct confirmation is 
seen in the fact that the cyclic /3-Schardingcr de.x- 
trin which contains only 7 glucose units can be con- 
verted by acid hydrolysis into open-chain dextrins 
which activate potato phosphorylase. The same 
result has been obtained with the a-Schardinger 
dextrin which contains 6 glucose units. The hy- 
drolysis products of a- or |3-Schardinger dextrins 
or of amylose do not activate muscle phosphory- 
lase, a clear indication that the requirements of 
this enzyme for activating polysaccharide are 
quite different. 

When amyloso is hydrolyzed with salivary dias- 
tase (a-amylase), its activating power for the 
potato enzyme increases in a manner similar to 
that observed on acid hydrolysis of amylose. 
Hydrolysis of amylose with j3-amylase results in a 
decrease in activating power for potato phos- 
phorylase which is quite marked when hydrolysis 


reaches 30 per cent. When the outer hranche.s of 
mnylopcctin arc removed by Um action of ft-iimy- 
lasc, the residual dextrin has very little activating 
power for potato plio.sphoryla.so. 

Ilydrolysin of Schardiiigcr dextrins. The kinetics 
of acid hydrolysis of tlio «-I, I-glucosidin linkages 
in the Selmrdinger dextrins are of sonic interest. 
One would exiiect (hat the rate con.stnnt in 7.7 N 
IICI at .30° would he the same as that found for the 
rt-l,-l-gliico.sidic liiikagp.s in amylo.so, namely, 
1.05 X 10"’ min."' .\ctiinlly, the hydrolysis of 
.Schardinger dextrins docs not follow first order 
kinetics, when (he incrcii.se in reducing power is 
taken as a measure. TJie rate constants are low at 
early stages of acid liydrolysis and increase stead- 
ily, ronching a final vnhie of 1 X 10"’ min."' only 
when more limn .50 per cent has been hydrolyzed. 
In order to analyze this finding it was necessary to 
determine the amounts of iinclmnged Schardinger 
dextrins remaining at different times of acid 
liydrolysis. This was done by subjecting the 
lij’drolysis products to tlio successive action of 0- 
iiniylnsc and of yeast which procedure removes the 
open-chain dextrins. The unopened rings of the 
Schardinger dextrin.s which are not attacked by 
these enzymes can then he dctorinincd ns gluco.«n 
after acid hydrolysis. 

It was found that the opening of the rings during 
acid hydrolysis follows first order kinetics and that 
the rate constant for the /S-Schnrdinger dextrin i?i 
3.4 X 10"’ min."', and th.at for the «-de.\'trin some- 
what lower. In cither case the opening of the rings 
occurs faster than the subsequent hydrolysis of the 
open chain dextrins and this suggests that one is 
dealing with a consecutive reaction of the typo, 
where A represents the concentration 
of the Schardinger dextrins, /v, the rate constant 
for the opening of the rings, B the concentration of 
the open-chain reducing dextrins and Ki the rate 
constant for the hydrolysis of the a-l,4-glucosidic 
linkages in B. C was determined as glucoso and 
maltose by differential fermentation with yeast. 
By deducting C from A, the concentration of B 
could be calculated. 

In Fig. 4 it is sliowii tliat tlio curve representing 
the concentration of the open-chain dextrins paral- 
lels the enz 3 'me activity curve. Tlie shape of the 
latter curve (as that of the corresponding curve in 
Fig. 3) is probablj' determined bj^ two opposing 
influences, the increase in available end group.? 
which enhances enzj-mc activitj-, and the decrease 
in the number of chains long enough to be effective 
which decreases enzjTne activity. In Fig. 4 the 
average chain length of the dextrins at the peak of 
cnzjmie activity was found to be dose to 5 glucose 
units which is in agreement with the value found in 
the o.xperiments with amylose. This suggests that 
chains of 4 to 3 glucose residues are less effective or 




240 


FEDERATION PROCEEDINGS 


perhaps even ineffective as primers for the potato 
enzyme. 

Relation of structure to enzyme activation. While 
the interpretation of the hydrolysis-activation 
curves is relatively simple when one is dealing with 
linear polymers or with unbranched dextrins and 
can be based on the two opposing effects mentioned 
above, the situation is more complex in the case of 
the branched polysaccharides, glycogen and amy- 
lopectin. The hydrolysis-activation curves show a ' 
much more rapid decline with the muscle than 
with the potato enzyme and this is consistent with 
the finding that the potato enzyme can be acti- 
vated by short-chain dextrins, while the muscle 
enzyme cannot. 

The low activating power of glycogen for the 
potato enzyme and the marked rise in activating 
power on short acid hydrolysis cannot be explained 



Fig. 4. Effect of products of acid hydrolysis of 
|3-Schardinger dextrin on activity of potato phos- 
phorylase. Upper curve, enzyme activity with 32 
mg. per cent of polysaccharide, expressed in per 
cent of maximum enzyme activity with 500 mg. 
per cent starch. Lower curve, concentration of 
open-chain dextrins during acid hydrolysis in per 
cent of total carbohydrate. 

solely on the basis of available end groups. If that 
were the case glycogen should initially be more 
activating than amylopectin, a condition which is 
true for the muscle enzyme (in proportion to the 
number of end groups available) but not for the 
potato enzyme. Such factors as molecular config- 
uration and size of the activating polysaccharide 
must also play a role. The former is indicated by 
the observation that when the outer branches of 
amylopectin are removed by the action of (3- 
amylase, the activating power for the potato en- 
zyme becomes very low. The* outer branches of 
glycogen are known to be shorter thant those of 
amylopectin and this may be partly responsible for 
the difference in activating power of these two 
polysaccharides for the potato enzyme. With re- 
gard to molecular size it would appear that the 
muscle enzyme is adapted to larger molecules than 
the potato enzyme. 

According to this view glycogen would be nearly 
optimal in size for the muscle enzyme, since its 


activating power increases but .slightly on short 
acid hydrolysis when compared with results ob- 
tained with the potato enzyme. The bacterial gly- 
cogen of Chargaff which has a particle weight of 12 
million would be definitely too large for the muscle 
enzyme, but as shown in table II, short acid hydrol- 
ysis raises its activating power to that of glyco- 
gen. The early effect of acid on glycogen may in- 
clude disruption of hydrogen bonds which would 
lead to a rapid decrease of particle weight.’ 
Finally, amylopectin would be optimal for the po- 
tato enzyme, while it cannot be reduced further in 
size without losing activating power for the muscle 
enzyme. It is an interesting fact that the particular 
polysaccharide with which a phosphorylase is in 
contact in the tissues also has optimal activating 
power for that enzyme. 

Relation of chain length to iodine color. When 
amylose is hydrolyzed in acid, the iodine color 
changes from blue to purple-blue when about 5 per 
cent is hydrolyzed; it is purple at 15 per cent and 
red at 25 per cent hydrolysis. The achromic point 
is reached at about 30 per cent hydrolysis. Color 
changes in the reverse order are seen when one 
starts with partially hydrolyzed Schardinger dex- 
trins and allows the chain length to be increased by 
the action of potato phosphorylase. The following 
table is an example of such an experiment in which 
there were added per cc. of reaction mixture 1.67 X 
lO"’ M activating dextrins (calculated as end 
groups) and 21.1 X lO-'M glucose-l-phosphate. 


average 

chain 


lime 

l-tder converted 

Icnitli 

iodine color 

min. 

% 

il X iO-t 


0 



4.7 

0 

1.5 

3.6 

0.76 

6.2 

' , 0 

6 

8.1 

1.71 

5.8 

0 . 

10 

16.5 

3.49 

6.9 

rod 

16 

27.2 

5.75 

8.3 

red 

20 

32.9 

6.96 

9.1 

rod 

25 

38.1 

8.06 

9.8 

red 

30 

39.8 

8.42 

10.0 

rcd-purplo 

35 

44.5 

9.4 

10.7 

rod-purpio 

40 

48.8 

10.35 

11.3 

purple 

60 

52.9 

11.2 

11.8 

purple 

CO 

59.3 

12.5 

12.6 

blue-purple 

120 

73.1 

15.5 

14.6 

blue-purple 

240 

79.4 

16.8 

15.4 

bluo-purple 

The experiment 

may be regarded as a coi 


tion of the theory that the action of phosphorylase 
consists in a lengthening of existing polysaccha- 
ride chains. Sumner and collaborators (14) have 
recently reported an experiment in which a small, 


’ When glycogen is hydrolyzed by a-amylasc, its 
activating power for potato enzyme reaches a max- 
imum when about 15 per cent is hydrolyzed. The 
hydrolysis-activation curve with acid is quite dif- 
ferent (cf. Fig. 3). In the case of amylose, the 
hydrolysis-activation curves with a-amylasc or 
with acid are nearly the same. 
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intermediate and InrROiwuownt of an aoliroodextriu 
was added to potato pliosphorylaso ns a priininK 
agent. They found tiial wlirn an ecpial quantity of 
g\v\co5e-l-pUospl\ate had roaetod, tlie rospoetive 


iodicio colors worn hluo, red or absent, indicating 
that the chain length of the newly fonnc<l poly- 
saccharide is inversely jiroportional to the number 
of end groups added with the priming agent. 
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ON THE UTILIZATION AND SYNTHESIS OF SUCROSE AND RELATED 
COMPOUNDS BY SOME MICROORGANISMS 

MICHAEL DOUDOROPF 

Dcparlmenl of Bacteriology, University of California 


The importance of organic phosphates in ca- 
tabolism, and of phosphate bond energy as a means 
'of coupling metabolic reactions, is now well recog- 
nized. The discoverj' of the phosphoroly tic break- 
down and synthesis of glycogen and starch b}' Cori 
and Cori, Kiessling and Hanes, has focussed the 
attention of biochemists on the role of the phos- 
phate esters in synthetic condensation reactions. 
The findings that sucrose and inosine can also be 
broken down through reversible phosphorolyses 
have added the conviction that, in living systems, 
other syntheses, at least of carbohydrates and 
their derivatives, may involve similar mecha- 
nisms. Some published and as yet unpublished 
studies with a bacterial enzyme capable of cat- 
alysing the phosphorolysis of sucrose will be dis- 
cussed in this review. A few pertinent observations 
on the formation of the polj'saccharides dextran 
and levulan from sucrose by certain bacteria will 
be considered. The latter ^tudies indicate an al- 
ternative mechanism of polysaccharide and su- 
crose formation, not involving phosphoric eaters. 
Finally, some speculations on the question of how 
sucrose may be produced by higher plants will be 
presented, in the hope that they may stimulate 
some interest in the still obscure problem of di- 
sacoharide synthesis in plants and animals. 

Phosphorolysis and synthesis of sucrose’. The 


phosphorolytic breakdown of sucrose was first 
postulated by the Russian scientists Kagan, Lat- 
ker and Zfasman (1), who observed the accumula- 
tion of glucosc-l-pbospbate in suspensions of the 
lactic acid bacterium Lcuconostoc mcscntcroides 
metabolizing this disaccharide. The mode of su- 
crose utilization by this organism has been the sub- 
ject of a number of investigations because of its 
interesting ability to form rather large amounts 
of the polysaccharide dextran from sucrose, but 
not from invert sugars. The discovery of the phos- 
phorolysis of sucrose with an entirely different 
bacterium, Pseudomonas saccharophila (2) was 
made independently and almost simultaneously. 
The latter organism also exhibits a peculiarity in 
its carbohydrate metabolism, being capable of 
oxidizing certain disacoharides and the trisaccha- 
ride raffinose more rapidL' than the constituent 
hexoses (3). It was in the hope of explaining this 
behaAdor that the search for a phosphorolytic 
mechanism involved in disaccharide utilization 
was undertaken. Ironically enough, there is now 
considerable evidence that phosphorolysis is not 
involved in de.xtran formation by L. mesentcroides, 
and does not explain the rapid utilization of di- 
saccharides other than sucrose by P. saccharophila. 
Although the reaction has so far been demon- 
strated only with these bacteria, it is reasonable to 
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suppose tliat the same or related mechanisms will 
be found to have significance in the metabolic 
processes of many plants and animals. 

While no attempts have been made to prepare 
the sucrose phosphoiylase from P. saccharophila 
in pure form, it has been possible to obtain enzyme 
preparations virtually free of invertase and phos- 
phatase activity (4). Such preparations catalyse 
the reaction : 


C,2H=oOn+ H3P04^=iCcHjA-0-P03Ho -f CeH^Oc 

Sucrose Inorganic glucose-l-phosphate 
phosphate + fructose 

By taking advantage of the reversible nature of 
the phosphorolytic reaction, the synthesis of su- 
crose has been accomplished (5). An interesting 
feature of sucrose formation is that the fructose 
component of this sugar, as in natural fructose 
polysaccharides, is found to be in the furanose or 
five-membered ring form, while free fructose is be- 
lieved to occur mainly in the pyranose or amylene 
oxide form. The participation of free fructose in 
the reaction supports the view that both pyranose 
and furanose forms exist in equilibrium with 
each other (6) and makes it unnecessary to postu- 
late that a stabilization of the furanose ring by 
the formation of a precursor must precede fructo- 
sidc formation (7) . 

The bacterial phosphoiylase is an adaptive en- 
zyme and is produced in detectable quantity when 
the bacteria are grown with sucrose or raffinose, 
but not when they utilize other carbohydrates 
such as glucose, trehalose, or starch as carbon 
source. The main course of raffinose decomposition 
by this organism appears to involve the hydrolytic 
cleavage of the trisaccharide by an intracellular 
melibiase to sucrose and galactose, followed by 
the phosphorolysis of sucrose (S) . Hence, the pro- 
duction of sucrose phosphorylase in cultures 
grown with raffinose as substrate may be con- 
sidered as a response to the presence of sucrose. 
The bacterial enzyme does not appear to require 
a readily dissociable coenz 3 'me or catalytic 
amounts of sucrose for its activity. Its action, like 
the phosphorolj'sis of glycogen, is strongly in- 
hibited by glucose, which, however, seems to com- 
pete chiefly with sucrose for a position on the 
enzj-me. 

The phosphorylase is quite specific with regard 
to substrates, and causes no detectable phosphor- 
olvsis of starch, maltose, lactose, trehalose, or 
raffinose. Its inabilitj' to attack raffinose indicates 
that raclibiose-l-phosphatc cannot replace glu- 
cose-1 -phosphate in the rover.sc reaction. N or Inavc 
attempts to substitute xylose-l-phosphatc or 
maltose-l-phosphatc for ghicosc-1-pliosphatc in 
the reaction with fructose been successful. Fruc- 
tose cannot he repl.aced by fructo.=--e-G-phosphate, 


fructose diphosphate, tagatosc, or any of the bet- 
ter known aldose sugars. However, two ketoses, 
1-sorbose and d-ketoxjdose, have been shown to re- 
act with glucose-l-phosphate under the influence 
of the phosphorylase to form two new analogues of 
sucrose, unknown in nature (9). In as yet unpub- 
lished studies, the new disaccharides have been 
isolated in crystalline form and found to be non- 
reducing sugars, easily hydrolysable with acid. 
Both give the Raybin color reaction characteristic 
of sucrose (10, 11). For this reason, and because of 
the presumed specificity of enzyme action, the 
local structure around the glycosidic bond in these 
sugars is probably identical with that in sucrose. 
The results of periodate oxidation indicate that, 
as in sucrose, the ketose component of both com- 
pounds possesses the five-membered ring struc- 
ture, while the glucose is in the normal pyranose 
form. This appears to be the first demonstration of 
the change to a furanose configuration by a keto- 
hexose other than fructose in the formation of a 
glycoside. Basing the structure of the new disac- 
charides on the above consideration and on the 
most generally accepted interpretation of the 
structure of sucrose, the formulae and designa- 
tions of the three sugars may be written as follows; 
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Neither of the now analogues of sucro.se i.s sus- 
ceptible to hydroly.sis witii yeast invertase. This 
indicates that, unlike tlie .sucrose phosphorjdase, 
invertase is verj' specific for the fructose com- 
ponent of siicrose. On the other hand, the abilit}' 
of inv 5 rta,sc to hydrolyze raflinose shows that it is 
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loss specific than the iihosphorylaso with rcRord 
to tlie aldose comiionout . 

Under suitable conditions, not. only sucrose, but 
also trehalose, luallosc, and mclihioso arc utilized 
more rapidly than their hexose constituents by 
P. sacchnrophila. It seemed reasonable to cx])ect 
[ihosphorolytic dceomiiosition of these disaccha- 
rides. However, .all attempts to demonstrate a 
phosphorylaso for any substrate other than sucro.so 
have, failed. The possibility that the phosphoroly- 
tic decomposition inicht involve not the disaccha- 
rides themselves but their phosphoric estcr.s, 
which could be formed throuRh a preliminary 
phosphorylation, was also investiRatod. The re- 
markable similarity of the utilization of trchnlo.se 
to that of sucrose by the liviiiR orRanisms (3, 12), 
the stnictur.al relationship of the two suRars, and 
the occurrence of trehalose phosphate in yeast 
(13) made trehalose a particularly promisinR sub- 
strate for such studies. The experimental evidence, 
however, has not supported the view that phos- 
phorolysis may play a role in the decomposition of 
trehalose or of any di.saccharide other than sucrose 
by the bacterium. This evidence, jiartly unpub- 
lished, may bo summarized as follows; 

1. No phosphorj'lase other than sucrose phos- 
phorylase has over been demonstrated, while in- 
tracellular hydrolytic enzymes capable of attack- 
ing the substrate are present. 

2. The internal accumulation of a labile ester 
having the properties of glucose-l-phosphato can 
be shown reasily in vivo when the bacteria are oxi- 
dizing sucrose (8). No such ester formation occurs 
with trehalose or melibiose. 

3. A small amount of hexokinase activity could 
be shown in dry cell preparations of bacteria grown 
with trehalose. That these preparations contained 
no special enzyme for phosphorylating trehalose 
was shown by the fact that the transfer of phos- 
phate from adenosine triphosphate was, if any- 
thing, slower rather than greater when the disac- 
charide was supplied in place of glucose. 

Dexiran and Icvidan formation. While the re- 
versible nature of the phosphorolytic reactions 
with starch, sucrose, and inosine has given us an 
indication of how some complex carbohydrates 
may be synthesized in organisms, another mecha- 
nism of synthesis, which apparently does not in- 
volve phosphoric esters, deserves special atten- 
tion, since it may be the basis of the production of 
many carbohydrates of biological importance. 
This mechanism appears to be the exchange of an 
already e.xisting glycosidic linkage for a new glyco- 
sidic linkage. The formation of polysaccharides 
through what appears to be such a reaction has 
been observed in the bacterial synthesis of dextran 
and levulan from sucrose. Dextran, which is a 
polymer of glucose in which the hexose units are 
joined through a 1-6 linkage, is produced in large 


qu.anlitic.s by L. mcacntcroidcs when tho latter is 
Rrown with suero.so, but not with invert suRiir (H, 
15). An imwunoloRically identical compound is 
found in the poly.sacclmridc cajiaulc of some of the 
Pneumococci (10, 17), Levulan, a frncloso polymer 
ImvitiR the 2-0 linkage, is known to he formed 
abundantly by many spccic.s of Jiacillun (14), one 
of Acrohacic.r (18) and two of Slrcptococcns (19) in 
the dccompo.sition of gucrosn or rnfnnose, but not 
of hoxo.scs. It is intoresling tlint a very similar or 
idcntic.al sub.stnncc npiicnrs in largo amounts in 
barley and in certain wild gras.ses (20, 21). In tho 
bacteria, dextran and levulan synthc.scs may bo 
regarded as being anaioROus to capsule formation, 
liowevcr, Ibc abundance and solubility of tlic 
material causes it to accumulnlo in tho medium 
instead of rcmaininR in clo.so a.ssocintion with tho 
cell. 

While in some cases, the enzymes re.sponsible for 
the polysaccliaridc production appear mainly 
within the coll, in tho Bncilli, and in at least some 
strains of Lcuconofloc, they may diffuse into the 
medium, llchro’s (10, 17,22),a3WcllasHestrin.and 
Avinicri-Shapiro’s experiments (18) with cell-free 
enzyme preparations have shown tiiat tiic forma- 
tion of neither dextran nor levulan requires any 
organic or inorganic pliospliatc, and that the proc- 
esses may bo written ns follows: 

n CitlltsOi: > n CtHi-Os -k {C«HioOs)ti 
sucrose fructose dextran 

n GijHsjOu — > n CsHi-Os -k (CjHioOsIn 
sucrose glucose levulan 

In the case of levulan synthesis, either sucrose or 
raffinosc may act as substrate, the radical attached 
to the fructose portion being set free as glucose or 
melibiose respectively. In addition to the reaction 
leading to levulan synthesis, what appears to be a 
hydrolytic decomposition of sucrose and raffinose 
usually takes place. Hestrin and Avinieri -Shapiro 
have tried to write asingle equation accounting for 
the products of both reactions. They found that 
the ratio of substrate used for synthesis to that 
hydrolyzed was approximately unity. However, 
as they themselves point out, the relation between 
the two processes is not obvious, and, indeed, is 
difficult to visualise. In experiments with extra- 
cellular enzymes of Bacillus sublilis (23), no rigid 
relationship between levulan formation and inver- 
sion of sucrose could be found. The ratio of the 
products was found to vary depending on the age 
of the culture from which the enzymes had been 
obtained, and on the conditions of incubation of 
the preparations. Although Hestrin and Avinieri- 
Shapiro ahowed that the presence of glucose re- 
tards the synthesis of levulan, they were unable to 
demonstrate the reversible nature of levulan 
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formation. Indirect evidence of the reversibility 
of the process has been obtained recently with cell 
free concentrates and precipitated preparations 
from Bacillus subiilis (23) . 

It was assumed that the principal difficulties in 
showing the reaction from right to left lie in the 
high molecular weight and therefore relatively low 
concentration of the polysaccharide, and in the 
presence of insufficient invertase in the prepara- 
tions to remove sucrose as it is formed. 

To displace the equilibrium to the left, yeast 
invertase was added to the bacterial enzyme. In 
such a system, the addition of glucose markedly 
increased the decomposition of levulan to reducing 
sugar. No similar effect of glucose could be de- 
tected either with the bacterial enzyme alone or 
with invertase alone. As in the other reported 
studies, no effect of phosphate on the reaction in 
either direction could be observed. This indirect 
evidence that the formation of levulan depends on 
a reversible reaction, in which the glycosidic bond 
of sucrose is exchanged directly for the glycosidic 
bond of fructosan, indicates a new mechanism of 
sucrose synthesis through the reaction from right 
to left. Presumably, sucrose would also be formed 
under the influence of the appropriate enzyme 
from fructose and dextran, although the reversi- 
bility of dextran synthesis has not yet been tested 
experimentally. From these considerations, it 
would seem that the residues of at least some gly- 
cosides can serve a function similar to that of the 
phosphoric ester group of gIucose-1 -phosphate in 
the forniatiqn of complex carbohydrates. The ex- 
change of glycosidic bonds may play an important 
r61c in the synthesis of a variety of polysaccha- 
rides. 

On the ■possible mechanisms of sucrose production 
by plants. The synthesis of sucrose with bacterial 
phosphorylase raises the question of whether the 
formation of this sugar in the tissues of higher 
plants is the result of an identical or a similar 
process. That widely different organisms exhibit 
remarkable similarities in their metabolic mecha- 
nisms is one of the basic concepts of comparative 
biochemistry. It is therefore tempting to speculate 
that sucrose might arise from starch in the ripen- 
ing of many fruits and on cold storage of potatoes 
through the following series of known reactions ; 

phosphorylase 

(1) Starch + inorganic phosnliatc ^ 

glucose-1 -phosphate 
phosphoglucomutase , 

(2) Glucoso-l-plios])liatc ^ 

glucose-C-phosphatc 

phosphohexoisomcrase 

(3) Glucose-C-phosi)liate * 


phosphatase' 

(4) Fructose-6-phosphate -f- water -> 

• fructosR! -}- inorganic phosphate 

(5) Glucose-l-phosphate 

sucrose phosphorylase^ 

-i- fructose 

' — — . 

.sucrose 4- inorganic phosphate 

The transformation of hexose sugars to sucrose, 
which can readily be observed in vivo in many 
plants, would, of course, involve their phosphory- 
lation and subsequent participation in the above 
scheme. 

Although our knowledge of the irletabolic actiw- 
ties of high plants is extremely meager, it seems 
fair to postulate that the enzymes necessary for 
the first four steps in the above series of trans- 
formations are of rather general distribution. 
However, the following three objections may be 
raised against the probability of the occurrence of 
the fifth step in higher plant tissues ; 

(1) All attempts to demonstrate a sucrose phos- 
phorylase in plant extracts and macerates 
have so far failed. 

(2) The formation of sucrose from starch ap- 
pears to depend on respiratory activity. 

(3) The high concentration of sucrose observed 
in some plants is incompatible with the equi- 
librium constant for the phosphorolytio 
process. 

The first objection is the least valid, since it is 
well known that many enzymes are difficult to 
demonstrate. Numerous unpublished experiments 
with sugar beets, sunflower leaves, ripening bana- 
nas, potatoes, and a variety of other materials 
have yielded uniformly negative results. This may, 
of course, be due to the labile nature of the plant 
phosphorylase or to the dependence of its activity 
on some structural or physiological feature of the 
intact cell. However, the ease of extraction and 
the relative stability of the plant starch phos- 
phorylase and of the bacterial sucrose phosphory- 
lase make such an explanation less likely than in 
the case of some other enzymes. 

It is not surprising that the interconversion of 
glucose and fructose, as well as the formation of 
sucrose from either of these sugars, requires re- 
spiratory activity (24, 26) since phosphorylation 
of the hexose would be required before its trans- 
formation or condensation could be accomplished 
through recognized or postulated reactions. How- 
ever, the proposed scheme of sucrose formation 
from starch requires no external energy source, 
and is therefore contradicted by the observation 


' This hydrolytic reaction is practically irre- 
versible, since, in addition to the energy changes 
involved, the high concentration of water as one of 
the reactants favors the reaction from left to right. 


fructose-G-phosphatc 
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that no sucrose is lormcd in inVnet bananas and 
potatoes when these are kept under anaerobic 
conditions (25-28). This respiratory Tcquircmcnt 
suggests that an onergj'-rich compound must bo 
generated before sucrose can be formed. Such a 
compound mightbo ahexoso phosphate otiier than 
glucose-l-phosphate or its derivatives, glucosc-0- 
phosphatc and fructoso-6-phosphate. The proba- 
bility that fructose diphosphate piays a rhic in 
sucrose synthesis by sugar cane lias been strongly 
advocated by Hartt (29). 

The most serious objection to the proposed 
scheme is that sucrose occurs in some plants in 
extremely high concentnations. During the ripen- 
ing of bananas, for example, the starch is almost 
completely converted to the disnccharidc. The 
equilibrium constant for the phosphorolylic reac- 
tion, cxpres.sed as 

(sucroseXphosphate) 

tss ■ I — ■ ■! i '■ I I I-I '■■■II I m 

(glucosc-l-phosphatcKfructosc) 

was found to be in the neighborhood of 0.05 at pH 
6.6 at 30“ (4). The concentration of glucose-I- 
phosphate in plants is extremely small, while inor- 
ganic phosphate often occurs in relatively largo 
amounts. Yet it is common to find many times as 
much sucrose as fructose in plant tissue. In order 
to accept the pbosphorolytic condensation of glu- 
cose-l-phosphatc and fructose as the possible 
mechanism of sucrose formation in plants, we 
would therefore have to assume that the sucrose 
is somehow selectively removed from the site of 
synthesis, so that the reaction may proceed. The 
removal of inorganic phosphate, which might be 
accomplished by local respiratory activity would 
not alone be likely to have much significance, since 
it would also prevent the local pbosphorolysis of 
starch. 

It seems appropriate at t.his point to consider 
various other possible mechanisms for sucrose pro- 
duction which might be looked for in plants and 
which would not be open to the criticisms sug- 
gested above. The possibility that sucrose arises 
by direct reaction between starch and fructose, 
similar to that between levulan and glucose, can 
be objected to on the same grounds as the pbos- 
phorolylic process. The elimination of gluoose-1- 
phosphate as an intermediate vrould not change the 
equilibrium of starch, fructose, and sucrose. The 
difficulty of demonstrating by other than indirect 
means the reversible nature of levulan synthesis 
indicates that such reactions are not likely to be 
useful for the production of sucrose in high con- 
centration. Prom the above considerations, it will 
be seen that a chain of completely reversible reac- 
tions without a special mechanism for the removal 
of any of their products would result in the ac- 
cumulation of -istaroh rather than sucrose as the 


principal carbohydrate of the cell, while the oc- 
currence of an irrevcraifalo stop loading to the 
formation of a hexoso such as postulated in reac- 
tion (4) would favor the production of the mono- 
saccharide. It therefore sooma efuito probable that 
the mechanism of sucrose formation in plants in- 
volves at least one practically irtcvetsiblo reaction 
leading directly to tho synthesis of the disaccha- 
tidc. It is difficult to visualize a mechanism for 
glycoside formation in which a bond of much 
higher energy than the glycosidio ester bond would 
be directly involved, or in which the energy from 
two such bonds could bo used for the synthesis. A 
more likely possibility suggests itself as fulfilling 
the requirement for virtual irreversibility, namely 
the hydrolytic decomposition of an immediate pre- 
cursor of sucrose which would, in effect, remove 
sucrose from any chain of reversible reactions. 
Both the high concentration of sucrose found in 
some plants and the respiratory requirements for 
its synthesis can bo reconciled with the postula- 
tion of such a hydrolytic decomposition or an 
equivalent of this process, if it is assumed that the 
precursor is sucrose phosphate. For tho formation 
of suck a compound, pbosphorolysis of starch 
might not be sufficient, and additional phosphory- 
lations may be required. While sucrose phosphates 
have never been isolated from living tissues, the 
demonstration of the occurrence of trehalose phos- 
phate in yeast (13) indicates that such compounds 
may piny a rdlo in metabolism. Tho chemical 
synthesis of a sucrose phosphate has been accom- 
plished and the synthetic compound has been 
shown to be susceptible to phosphatase activity 
(36-32). 

Several schemes have been proposed in which 
sucrose phosphate is assumed to arise through the 
condensation of phosphoric esters of glucose and 
fructose (7, 25, 29, 33, 34, 37). The claims of Oparin 
and Kursanov that sucrose could be synthetized 
from invert sugar in the presence of phosphate 
through the combined action of invertase and 
phosphatase could not be confirmed (35). Such a 
mechanism would be most unlikely, since it v/ould 
depend on the reversible nature of two practically 
irreversible hydrolytic reactions. Hartt’s recent 
scheme (29) in which sucrose phosphate w'ould 
arise through the condensation of glucose with 
fructose disphosphate offers no plausible mecha- 
nism for the formation of the glycosidio linkage. In 
effect, such a scheme again requires the reversal 
of a hydro! 3 riic reaction as the basis of tho conden- 
sation. It is difficult to see how the presence or the 
removal of a phosphoric acid group from either the 
first or the sixth carbon atom of fructose diphos- 
phate would result in a reaction involving the 
second carbon atom, although from the point of 
view of energetics the dephosphorylation would 
facilitate such a reaction. Hartt’s speculations on 
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the possible role of thiamin and riboflavin as phos- 
phate acceptors in the formation of sucrose from 
hexose phosphates, based on the experimental ob- 
servation that the addition of these vitamins in- 
creases sucrose synthesis, are open to several criti- 
cisms. Her implication that a release of inorganic 
phosphate should be observed during the ripening 
of sugar cane if the phosphate is not transferred to 
an organic acceptor is not valid, since presumably 
sucrose phosphate would never accumulate in high 
concentration, and since obviously no phosphory- 
lated compound like cocarbo.xylase could be one of 
the chief end products of sucrose synthesis. Fur- 
thermore, only the ester phosphate, and not the 
pyrophosphate radicals could be formed by such 
transfers, since the latter require a donor of much 
higher energy than the sugar esters. Finally, if a 
release of phosphate bond energy is required for 
glycoside formation, the removal of phosphate 
through a reaction involving little or no energy 
change would prevent rather than facilitate the 
coupling reaction. The last consideration, how- 
ever, is not meant as an argument against the pos- 
sible existence of a pho.sphate acceptor which 
might participate in the production of sucrose 
from a hypothetical sucrose phosphate after the 
formation of the glycosidic bond. 

A more plausible scheme for the formation of a 
phosphoric ester of sucrose than those already 
considered would involve a phosphorolytic con- 
densation similar to that observed with the bac- 
terial enzyme, but differing in the nature of the 
reacting substances. This would require the pres- 
ence of a phosphate radicle on the carbonyl atom 
of one of the reactants and at least one additional 
phosphate group in another position on either of 
the two. It seems reasonable to suspect that in 
such a case, glucose-1 -phosphate would play a role 
in the condensation, since very strong starch phos- 
phorj'lase activity can be observed in ripening 
bananas and other plant tissues in which starch 
can be converted to sucrose. It seems hard to be- 
lieve that an existing mechanism for glycoside 
formation would not be used for that purpose. If 
a plant phosphorjdase were capable of condensing 
glucose-l-phosphate with a fructose ester, such as 
fructose-G-phosphate or fructose diphosphate, but 
not with the unphosphorylated sugar, then sucrose 
synthesis might proceed according to the following 
scheme : 

(1) gIuro.sc-1-phospiuitc + 

special phosphorylase 
fructose phosphate Zl 

.sucrose phosphate + inorganic phosphate 

phosphatase 

(2) sucrose ])ho.spIiatc -f- water > 

sucrose -!- inorganic phosphate 

If the fructose ester were fructose-6-pho.sphate, 
this scheme would not necessarily require addi- 


tional phosphorylation, since this compound can 
arise from glucose-l-phosphate. If, on the other 
hand, this compound were fructose diphosphate, 
the need for an outside source of energy would be 
understandable, provided this ester does not origi- 
nate by the transfer of ester phosphate from one 
molecule of hexose monophosphate to another 
(36), If such a transfer does occur, the transforma- 
tion of starch to sucrose diphosphate in the ab- 
sence of phosphorylation is theoretically possible, 
but only two-thirds of the starch could be so con- 
verted, one third being lost as free hexose. Neither 
of the fructose phosphates can replace fructose as 
substrate for the bacterial sucrose phosphorylase. 
This, however, cannot be used as an argument 
against the above scheme, since the postulation of 
a mechanism for the irreversible synthesis of su- 
crose would require a high degree of specificity in 
the enzyme catalyzing the phosphorolytic conden- 
sation of the two phosphoric esters. Such an en- 
zyme would not be identical with bacterial sucrose 
phosphorylase. A number of plant extracts and 
macerates have been tested for their ability to 
condense glucose-l-phosphate with the known 
fructose phosphates. In no case has it been possible 
to demonstrate such a reaction, but this fact does 
not preclude the possibility of its occurrence, since 
a number of factors complicating such studies have 
not yet been eliminated. 

Another possibility which must be investigated 
is that the formation of sucrose phosphate depends 
on the occurrence of an as yet unknown phosphoric 
ester of glucose or fructose. Such a compound 
might arise through the phosphorylation of glu- 
cose-l-phosphate with the formation of a diphos- 
phate, or through the phosphorylation of fructose 
on the second carbon atom. Sucrose phosphate 
might also be formed through the reaction of 
glucose-l-phosphate with a triose phosphate and 
the subsequent addition of another triose phos- 
phate. 

The occurrence of a sucrose phosphate is not, 
however, essential for a scheme in which sucrose 
can be formed through an irreversible decomposi- 
tion of an immediate precursor. Any radical at- 
tached to either the glucose or the fructose moiety 
in any position not involved in glycoside formation 
could fulfill a function similar to that of an addi- 
tional phosphate. After the formation of gluco- 
sido-fructoside linkage, sucrose could be formed by 
removal of such a radical directly by hydrolysis. 
Alternatively, the attached group could be trans- 
ferred to some acceptor, which, in turn, could be 
regenerated by hydrolytic decomposition. Such a 
scheme is, of course, entirely hj’pothetical, but can 
be illustrated in principle by the hydrolytic pro- 
duction of sucrosefrom the trisaccharide raffinosc. 
If galactosido-glucose (melibiose)-l-phosphnlc 
were to react with fructose to form raffinosc, the 
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latter could tlicn be cleconiposicd to sucrose and 
galactose by the action of mclibinsc. In view of the 
occurrence of glucoso-l-pliosphate in some sucrose 
forming tissues, it might bo more profitable to look 
for a compound of fructose rather than of glunose 
involved in such a condensation and hydrolysis. 

The foregoing considerations of the possible 
mechanisms of sucrose synlhcsi.s in plants might, 
also apply to the problem of the production of 
polj'saccharidcs and disaccharides other than 
sucrose in plants and animals. The formation of 
lactose in the mammary gland, for instance, has 
not as yet been accomplished with maccrato.s or 
extracts, although it can be observed with respir- 


ing tissue slices. In conclusion, it may be said that 
the key to the formation of many disaccharides 
and polysaccharides seems to lie near discovery, 
but hn.s in mo.st case.s eluded a direct apjiroach up 
to the present time. The role of the exchange of 
pho.sphoric ester bonds for glyco.sidic linkages, and 
of the exchange of glycosidic bonds themselves, 
have given a clue to the typos of reactions to be 
sought in carbohydrate syntheses. Tlic mecha- 
nism of sucrose synthesis in plants seems to be one 
of the most promising reactions for study. Its un- 
derstanding would contribute greatly to the eluci- 
dation of a number of related procosscs. 
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ENZYMATIC SYNTHESIS OF NUCLEOSIDES 
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The nucleosides which constitute the building 
units of nucleic acids are ribosides in which the 
aldehyde group of the ribose (or desoxyribose) is 
linked to one of the nitrogens of the purine or 
pyrimidine ring. This linkage, like all glucosidic 
linkages, is very stable toward alkali but more or 
less labile to acid. 

The ribosidic linkage in nucleosides is split by 
certain enzymes called nucleosidases which have 
been found mainly in liver, spleen (1) and in milk 
(2). Klein (3) reported about ten years ago that 
nucleosidases from liver and spleen were inactive 
unless phosphate or arsenate was present. The 
mechanism of this interesting effect was not 
studied, however, and very little work has been 
conducted since in that field. 

In the experiments to be presented here, empha- 
sis was placed on giving a complete account of the 
fate of the purine component as well as of that of 
ribose and phosphate during enzymatic splitting 
of nucleosides. The nucleosidase used was prepared 
from rat liver by high speed centrifugation, frac- 
tionation with ammonium sulfate, and isoelectric 
precipitation. The enzyme obtained was a nucleo- 
sidase, or presumably two nucleosidases, which 
catalyze the splitting of inosine and guanosine, i.e. 
they split the ribosidic linkage between hypoxan- 
thine, or guanine, and ribose. Before proceeding to 
a presentation of the results obtained, it might be 
useful to mention briefly the methods employed 
in these studies. 

Methods. Hydroxy- and amino-purines (free or 
bound as ribosides) were determined by a new 
technique in which changes in the intensity of ab- 
sorption of ultraviolet light at certain wavelengths 
wore brought about by specific enzymes (4). 
Hypoxanthine, for example, was oxidized to uric 
acid by addition of xanthine oxidase. This reaction 
causes a very considerable increase in the absorp- 
tion at 290 m^i at which wavelength uric acid has 
its maximum absorption. At 248 m^ the change in 
absorption by oxidation of hypoxanthine via 
xanthine to uric acid is the reverse of that at 290 
nt/j, i.e. the absorption is decreased to about half 
of the original value. The decrease in absorption 
at 248 mfx actually occurs solely in the first step of 
the oxidation, i.e. from hypoxanthine to xanthine. 
The oxidation of xanthine to uric acid (the second 
step) involves no change in absorption at this 
wavelength but brings about an increase at 290 
iHM and, in addition, a marked decrease in absorp- 
tion at 270 m#i. By measuring optical changes at 


these three wave-lengths it is possible to distin- 
guish between hypoxanthine, xanthine and uric 
acid. Guanine is determined by the changes in 
density at 290 and 270 m^ brought about by adding 
guanase plus xanthine oxidase. Table 1 sum- 
marizes the changes in extinction at various wave- 
lengths as referred to 1 /ig. of the purine base 
per ml. 

Inosine (hypoxanthine riboside) is not attacked 
by xanthine oxidase. In order to determine this 
compound, liver nucleosidase (in phosphate buf- 
fer) was added together with xanthine oxidase. 
The nucleosidase causes a liberation of hypoxan- 
thine which is subsequently oxidized to uric acid. 
If phosphate is present in high concentrations or if 
the xanthine oxidase is present in excess so as to 
remove the hypoxanthine formed, the splitting of 
the riboside goes to completion in less than thirty 


TABLE 1 

Optical microtests for purines 


rUKINE BASE 

1 /4G. pce UU 

ENZYMES USED 

BENSITV CnASCES 

(±a too ’o/i) 

AT VARJOBS WAVBIXNGinS 

Wavelengths used 

290 nai 

270 m/i 

248 nv 

Hypoxanthine. 

Xanthine 

Guanine 

Xanthine oxidnso 
Xnnthino oxidase 
Xanthine oxidase 
Guannso 

-fO.081 

-i-0.060 

-fO.OGO 

-0.053 

-0.030 

-0.030 



minutes. The addition of xanthine oxidase serves 
actually two purposes ; (i) It removes one of the 
primary enzymatic split products formed froni 
inosine (i.e., hypoxanthine) and (ii) it is used as 
an analytical tool for the determination of liber- 
ated hypoxanthine due to the optical changes 
caused by its oxidation to uric acid. Inosine nu- 
cleosidase, in the presence of xanthine oxidase and 
an excess of inorganic phosphate, likewise serves 
as a highly sensitive and specific tool in the deter- 
mination of hypoxanthine riboside. By making 
use of the principles just outlined, it is possible to 
determine hypoxanthine and inosine with great 
accuracy in a mixture of both components. 

To summarize, the amount of free hypoxanthine 
present in the mixture is determined by the optica 
changes brought about by addition of xanthine 
oxidase; the amount of inosine is determined y 
the increase in density which accompanies a fur 
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thcr addition of inosinc nucleosidase. Gunnosino 
is estimated according to the same principles, 
using nucleosidase, guanaso and santWnc oxidaso 
ns analytical aids. The liver nucleosidase prepara- 
tions used contain guanaso. In spite of this, gua- 
nine and guanosine can bo determined independ- 
ently duo to the fact that guanaso is active in the 
absence of phosphate, whereas guanosine nucleo- 
sidase is active onlj' in the presence of phosphate. 

Phosphate was determined by a new method de- 
vised by Lowry (5). The advantage of this method 
over previous ones is that it is performed at a weak 
acid reaction (pH 4.2 to pH 4.6). This makes it 
possible to determine genuine inorganic phosphate 
in the presence of highly acid labile phosphoric 
esters. It will bo understood from what follows 

TABLE 2 

Encymoftc splitting of inosinc in the presence of 
xanthine oxidase 

Substrates; 125 pg, inosinc + 25 pg. P or (for 
control experiments) 90 pg. hypoxanthine + 100 
pg. d-ribose + 25 pg. P. 

Enzymes; Liver nucleosidase (20 pg.) -f xan- 
thine oxidase (30 pg.). 

Buffer: ^5 glycyl-glycino pH 7.2. Gas; oxygen. 
Temperature; 27°. 


SCmSTKATC 

iHN. 

tacvn. 

ustc 

1 ACID 
^UQt 

psospnoRtJs 

6. r 

VTIl- 

ItED 

Inoeine 

0 

0 



Inosine 1 

so 1 

0.25 1 

4.5 

0,27 

Hypoxanlbine 4- Kiboae ' 

0 1 

0 

13.0 1 


Hypoxanthine 4“ Ribose 

so 

0.27 

13.0 

0.02 


why this modification has been of importance for 
the present studies. The pentose was determined 
quantitatively by the orcinol test (6) and the 
aldose by oxidation with iodine and titration with 
thiosulfate (7) . 

Participation of Inorganic Phosphate in the Enzy- 
matic Splitting of Inosine and Guanosine. By means 
of the methods just outlined, the following obser- 
vations were made: (i) The enzymatic splitting of 
inosine and guanosine takes place only in the pres- 
ence of phosphate or arsenate; (ii) phosphate is 
utilized during the enzymatic splitting; (iii) one 
mol of phosphate is taken up per one mol of purine 
base liberated ; (iv) in the absence of xanthine oxi- 
dase the enzymatic splitting of inosine does not 
proceed very far except when the concentration of 
inorganic phosphate is many times higher than 
that of the nucleosides. Thus, 0.3S *imols of inosine 
plus 0.37 /imols of phosphate incubated with liver 
nucleosidase yielded 0.031 jimols of hypoxanthine 
and 0.033 ;imols of P were taken up. In other words. 


only 10 per cent of the inosinc undergoes splitting 
and the reaction docs not proceed farther if the 
incubation time is extended. 

If, on the other hand, the hypo-vanlhinc, ns it is 
liberated, is oxidized to uric acid, by adding 
xanthine oxidase to the nucleosidase, the splitting 
proceeds almost.to completion and the amount of 
phosphate utilized is equivalent to the amount of 
uric acid formed (table 2). Tbo lack of phosphate 
uptake in the samples incubated with hypoxan- 
thino plus ribosc, which showed the same oxygon 
uptake as the samples incubated with inosine, 
proves that the nucleoside linkage is essential 
for the uptake of phosphate. 

The same typo of experiment can be performed 
with guanosine, i.c., the liver nucleosidase is able 
to split gunnosino provided inorganic phosphate 
is added. The phosphate is taken up in organic 
linkage. Since the liver nucleosidase used con- 
tained guanaso the guanine liberated was found in 
the form of xanthine (table 8). It can be seen that 
one mol P is taken up for each mol xanthine formed . 

TABLE 3 

Splitting of guanosine by liver nucleosidase 

85 pg. guanosine (corresponding to 45 yg. gua- 
nine) were incubated in the presence of phosphate 
(20f<g.P). 

Liver nucleosidase was added as enzyme. 

Incubation time 40 minutes at 30°. 




nmo\i 

Purine (m xnnthine) formed 

25.8 

0.175 

P taken up 

5.2 

0.16S 


Formation of Ribose-l-Phosphate. It has been 
possible to isolate a hitherto unknown phosphoric 
ester by incubating larger amounts of inosine with 
xanthine oxidase (to which was added a small 
amount of crystalline catalase to prevent any ac- 
cumulation of hydrogen peroxide) plus liver nu- 
cleosidase and an excess of inorganic phosphate. 
This ester which was obtained as a barium salt 
shows the following properties. The phosphate 
group is very readily split off in acid medium even 
at room temperature. Thus, incubation of the 
ester in 0.3 normal hydrochloric acid at 30° causes 
a splitting of 40 to 50 per cent of the labile phos- 
phate in one minute, and in fifteen minutes all the 
labile phosphate has been converted into inorganic 
phosphate. Due to its extreme lability the ester 
caimot be determined by the ordinary phosphate 
methods which operate at a strongly acid reaction, 
but it can readily be determined by Lowry’s modi- 
fication which operates at weak acid reaction. The 
ester can also be determined by the difference be- 
tween the amount of phosphate estimated directly 
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by Fiske’s reagent and phosphate precipitated bN' 
ammonium magnesium mixture, since it is fairly 
stable in'alkali at room temperature. 

The substance was found to be a pentose phos- 
phoric ester; a sample containing 3.2 /i/mol pentose 
yielded 3.3 /nmol aldose and 3.6 /unol inorganic 
phosphate after acid hydrolysis. 

The phosphate must be in the 1-position, i.e. on 
the aldehyde group since the ester is non-reducing, 
in analogy with glucose-l-phosphate (Cori ester 
(8)) . Inasmuch as the ester is formed from a ribose 
nucleoside it is considered to be a ribose ester and 
will be referred to as ribose-l-phosphate, although 
it should be emphasized that it remains to be 
shown whether the pentose component is d-ribose, 
and if so, whether it is an alpha or a beta ester. 
Ribose-l-phosphate can also be formed from 
guanosine and phosphate in the presence of liver 
nucleosidase. 

Enzymatic Synthesis of Inosine and Guanosine. 
Ribose-l-phosphate seems to be a key substance in 
the biological synthesis of ribose nucleosides. This 
is borne out by the following experiments. If 
ribose-l-phosphate is incubated with hypoxan- 
thine in the presence of liver nucleosidase a rapid 
synthesis of nucleoside (inosine) takes place. The 
experiment described in table 4 illustrates such a 
synthesis. 

The reaction docs not take place if ribose plus 
phosphate, or if glucose-l-phosphate is substituted 
for ribose-1 -phosphate. 

Guanine reacts with ribose-l-phosphate in the 
presence of the liver nucleosidase much in the same 
manner as does hypoxanthino (table 5). The con- 
version of guanine and ribose-l-phosphate to 
guanosine might proceed almost as far as in the 
case of the corresponding sjmthesis of inosine. 
However, due to the presence of guanase a part of 
the guanine is “sidetracked” and converted into 
xanthine. It is important to emphasize that xan- 
thine itself is inactive in the test. This eliminates 
the possibility that guanine acts b 3 ' being deami- 
nated to xanthine. Likewise, adenine shows no 
activity’ in the test. 

The Equilibrium of the Ecaclion. It was already 
stated that incubation of equimolar amounts of 
inosine and phosphate with the enzj’me causes 
only ten per cent of the nucleoside to undergo 
cleavage. Table 4 which illustrates the reverse 
reaction shows that SO per cent of the cleavage 
products react to form the nucleoside. Since almost 
all preparations of rihnso-I-phosphate contain 
some inorganic phosphate (10 to 20 per cent of the 
pliosphate is usually inorganic) the degree of nu- 
cleo.^ide sjmthcsis is always somewhat underesti- 
mated. The po.sition of the equilibrium at pH 7 is 
jirobabh’ at a point where approximately 10 per 
cent of the participants exist as free hypoxanthino 
and ribosc-l-pho.=phate. and 00 per cent as inosine 


and inorganic phosphate. The exact position of the 
equilibrium in the corresponding reaction with 
guanine cannot be stated until the nucleosidase is 
free from guanase (see Addendum) , 

TABLE 4 

Enzymatic synthesis of inosine 
O.S8/umoIs hypoxanthine (78 /ng.) plus 0.58 /nmols 
ribose-l-phosphate (15.5 yg. labile P) wmre incu- 
bated with liver nucleosidase. In the controls, 
one of the components was omitted during the 
incubation and added after denaturation of the 
protein. In Sample 1, ribose-l-phosphate was 
omitted; in sample 4, hypoxanthine, and in 5, 
nucleosidase wmre absent during the incubation 
(40 minutes). Samples 2 and 3 represented the 
complete system incubated 20 and 40 minutes 
respectivelj'. 


SAMPLES 

INOR- 

GANIC 

P 

nvpo- 

XAN- 

THINE 

INO- 
SINE 
(as Hy- 
POXAN- 

thine) 

P LIB- 
ERATED 

HYPO- 

XAN- 

THINE 

RE- 

MAIN- 

ING 

INO- 

SINE 

FORII- 

ED 


us- 

us- 


iimols 

limols 

fimals 

1 (Control) 

9.S 

72 

0 

0 

0.53 

0 

2-CoinpIete, incu-| 
bated 20 min- 

22.1 

13.3 ' 

53.5 

0.32 

0.10 

1 0.39 

3-Complete, incu- 
bated 40 min- 
utes 

23.4 

14.3 

51.0 

0.30 

0.11 

0.38 

4 (Control) 

9.8 

71.5 

0 

0 

0.53 

0 

5 (Control) 

9.8 

09 

0 

0 

0.51 

0 


TABLE 5 

E7izijmttlic synthesis of guanosine 
0.28 /nmols of guanine were incubated with liver 
nucleosidase. 0.25 /nmols of riboso-l-phosphato 
were added. In the control the ribose-l-phos- 
phate was added after the denaturation of the 
enzj'me. In the experimental sample the riboso-1- 
phosphate was incubated with the guanine in the 
presence of cnjmre. Incubation time 20 minutes. 
Temperature 30°. 



CONTROL ; 
SAMPLE 

i 

EXPEM- 

MEKTAL 

SASiPir 


0.12 

i 0.13 


O.IC 

0.10 


0 

0.05 





From all that has been said, it is therefore clear 
that the splitting of inosine and guanosine bj' liver 
nucleosidase is not hydrolj'tic but phosphorolytie. 
It is therefore suggested that the enzymes which 
catah'ze the reversible reaction be called nucleo- 



FEDERATION PROCEEDINGS 


251 


side \ihosphorylascs in nnalopy with Cori’s poly- 
sacclmride phosphorylnso (0) and DoudorofT’s 
disaccharidc pliosphorylasc (10). Tlic reaction 
can be formulated by the following equation (11): 
Ribose-l -purine (purine nucleoside) -f phosphate 

ribose-l-phospi>ate -F purine. The purines in- 
volved arc hypoxanthine and guanine, the nuclco- 
sides participating in the reaction being inosino 
(ribose-l-hypoxanthine) and guanosinc (ribose-1- 
giuanine). Most likely inosino and guanosino 
nucleosidase arc two independent cnr.yines, but at 
the present time the enzyme activities Iiavc not 
been separated, and it is conceivable tliat the two 
activities might arise from the same enzyme. 
Neither is it possible to make definite statements 
about the absence of xantliosine nucleosidase 
in liver. If the liver is unable to incorporate xan- 
thine into ribosides, the reduction or the aminn- 
tion of xanthine become preliminary steps in the 
formation of purine nucleosides from xanthine. 

Colowick and Price (12) have most recentlj’ dis- 
covered a very interesting reaction in which gua- 
nine is liberated from a large molecular compound, 
presumably nucleic acid, bj- a phosphorolytic 
enzyme from muscle. The guanine liberated acts 
as an activator in the enzymatic phosphorj’lation 
of glucose by adenosine triphosphate. 

There is reason to believe that phosphorolj-tic 
enzymes may be of wide significance in the me- 
tabolism of everj’ type of nucleoside. The pyrimi- 
dine nucleosidase from bone marrow (13) deserves 
attention in this regard. So does the enzyme which 
catalj-zes the splitting of nicotinamide from re- 
duced cozymase (14). Both these enzymes have 
been considered important in the destruction of 
nucleosides; yet thej' may turn out to be of great 
importance for the synthesis of pyrimidine and 
nicotinamide nucleosides. 

Ribose-l -phosphate may be the precursor in all 
reactions in which ribo-nucleosides are synthe- 
sized. The problem of how new nucleosides are 
formed is therefore linked up with the problem of 
whether ribose-l -phosphate can be formed in any 
other way than by phosphorolysis of already 


existing nucIcoaidc.s. Pliosphorolysis can only give 
rise to transfer and exchange of purines in miclco- 
sidc.s or nucleic acids. However, in order to form 
new nucleosides it is necessary to form ribose-l - 
phosphate bj' phosphorylation of free ribosc just 
a.s glucosc-1 -phosphate can be formed not only 
from polj’saccharidcs, but also from glucose by 
pho.si)liory]ntion in tlio 0-position with subsequent 
enzymatic migration of the phosphate group to the 
1-position (15). The jiroblcm of liow new nucleo- 
sides can bo sjuithcsized may be complex and it 
may prove to be impossible to treat it separately 
from the problem of how ribosc is formed in the 
animal organism. Is this sugar formed from hex- 
oscs or by an aldol condensation of Iriosc and 
glycol aldehyde? There are observations which 
favor the latter assumption (10). 

There arc many interesting aspects ns to what 
role nucleosides might plaj' in the mctabolismnnd 
in the growth of living cells. It may be worthwhile 
to point out that although it is believed that most 
cells are cap.ablc of synthesizing a large number of 
nucleosides, it is not impossible that this synthetic 
capacity may under certain conditions become a 
limiting factor. It has for instance been found (17) 
that pyrimidine-deficient mutants of Nourospora 
do not respond to the addition of pyrimidines to 
the medium but show a marked response if pyrimi- 
dine nucleosides arc added. In the animal organ- 
ism the liver probably plays the most important 
r61c in the synthesis of purines and purine nucleo- 
sides. It is quite conceivable that when the liver 
function is disturbed and there is simultaneously a 
great need for synthesis of nucleic acids (e.g. con- 
ditions such as pregnancy, growth, tissue repair) 
the rate of formation of nucleosides or of ribose 
phosphate m.ay become one of the limiting factors. 
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Addendum: It has recently been possible to ob- 
tain nucleosidase free of guanase, using pig liver. 
Moreover it has also been possible to free nucleo- 
sidase from rat liver of guanase by adsorbing the 
latter on barium sulphate. If guanine and ribose- 


l-phosphate were incubated with nucleosidase 
preparations which were free of guanase almost 
half of the guanine was found to be incorporated in 
nucleosidic linkage giving rise to the formation of 
substantial amounts of guanosine. 


The American Institute of Nutrition 

SYMPOSroM ON NUTRITION SURVEYS 
INTRODUCTION 

C. G. KING, Chairman 

Scientific Director, The Nutrition Foundation, Inc. 


The primary purpose of the symposium is to 
bring before the members of the Federation 
reports of techniques and findings that character- 
ize outstanding recent nutrition surveys in the 
United States, and to provide an opportunitj’ for 
each of the speakers to present something of his 
viewpoint in regard to the value of such surveys. 

We have asked each participant to present a 
brief account „of what has been observed in the 
way of factual evidence, to comment upon the 
significance of the findings in his respective area, 
and to indicate something of his plans for future 
work. 

In organizing the program, we have been essen- 
tially looking forward rather than backward. 
Hence, we trust there will be a continuing em- 
phasis upon: first, the need for improved tech- 
niques of study; second, the securing of a clearer 
picture of the relation of nutrition to health; 
and, third, the development of education and 
public health services in such a way that the public 
can benefit in maximum degree from the scientific 
advances as they are made. 

The most serious need in regard to human 
nutrition is still basic information, or research, 
but there should be no doubt of the value of 
nutrition survmys as a means of evaluating ‘‘where 
we stand” with respect to accomplishing the 
goal of a well nourished population. 

From the point of view of maintaining a vig- 
orous home front during the war and for the 
purpose of raising our normal level of public health, 
it is important that surveys of many typos be 
conducted at frequent intervals. Especially 
should it be emphasized that food production and 
distribution programs cannot be well directed 
without the kind of information that nutrition 
surveys can provide. 

One may say with some truth that the tech- 
niques of conducting sur.-eys still leave m\ich 
to be desired, but that is true of almost everj- area 
of research and technology. Estimates of indi- 
vidual food intake, in terms of .specific nutrients 


and food commodities, can be achieved in a 
relatively satisfactory manner. Many indices 
of mild and severe nutritive deficiencies are also 
available for clinical usage in securing valuable 
information. And even though much is to be 
desired concerning agreement among clinicians 
with respect to the specificity of nutritional 
deficiency lesions, it would be foolish indeed not 
to make use of the information that clinical 
examinations can provide. Again, there is a great 
need for better appraisal of the health significance 
of different degrees of tissue storage of specific 
nutritents, but on the whole, chemical data of 
this nature give increasingly valid measures of 
nutritive status; the evidence is more objective 
than most types of observation on the condition 
of an individual, and the techniques are applicable 
to a wider range of nutritional levels — especially 
in regard to the less severe forms of deficiency where 
there are no well defined lesions. 

Depending upon the purpose, some surveys need 
to be of short duration and others need to be 
carried out recurrentlj" over a number of years. 
In Britain, for example, ‘‘spot surveys” have 
proved to be very valuable in following trends 
in food consumption. We have needed more in- 
formation of that kind .here. 

At the other extreme, and bordering on what 
many would call research rather than a survey 
type of study, perhaps the most seriously needed 
type of related study in America is to find, through 
long periods of time, the degree of correlation that 
exists between the health records of individuals 
and their dietary habits. Information of tliat kind 
would probably astound many of the nutritionists, 
even, and should provide powerful weapon.s with 
which to combat the widespread complacency an 
uncertainty regarding the real significance o 
our various food consumption practices. 

Each contributor to the symposium has renderc^ 
outstanding service to the development of nutri- 
tion surv’cys. in one or more of the re.spccliic 
areas just referred to. 
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TECHNIQUES OF FINDING OUT WHAT PEOPLE EAT 

HAZEL K. STIEBELING 

Bureau of Human Hulriiion and Home Economics, Apriculiural Research Adminislration, 
United States Department of Agriculture 


The tecUaiques involved in studies of whtil fam- 
ilies and individuals cat arc determined by the 
primary purpose to be served by the resulting 
information, whether sociological, physiological, 
or economic. Rarely is .a study useful for only one 
purpose, but the main objective of the study will 
affect the methods seleoted and the use to which 
the final results can be put. Outlined here arc 
some of the methods commonly used in this 
countiy for finding out what people eat. Each has 
its merits; each its disadvantages. 

Food habit inquiries. Knowledge of the ideas 
or concepts people have about foods and their use, 
and the influence of culture on food consumption 
habits are necessary to an understanding of how 
to formulate educational programs regarding 
food. Studies which tend to be concerned with 
what is eaten and u'hg, rather than how much, 
involve techniques devised by psychologists, 
anthropologists, and sociologists. These tech- 
niques are not discussed in this article. The 
reader is referred to Bulletin 111 of tlic National 
Research Council, a Committee report entitled 
“Manual for the Study of Food Habits.” 

As part of a food habit inquiry, a prepared form 
often is used on which are recorded menus, or the 
number of seiwings eaten of all foods or of specified 
types of food as, for example, the “Basic Seven.” 
Size of servings is sometimes asked. The period 
maj' cover the last daj- or two, or records may be 
kept for as long as a week; additional questions 
may be asked relative to usual eating practices. 
This method is often used with groups — classes 
of school children or clubs of homemakers — each 
member filling in an individual questionnaire. 

Such food habit inquiries often are employed as 
quick checks to indicate probable shortcomings 
in the diet when precise quantitative data are not 
needed or cannot be obtained. They answer the 
question — “Does the subject take none or some 
of this important food?” Depending on the ques- 
tionnaire, they may tell also — “How often?” 
But they usually fail to give — “How much?.” 
An example of the use of this method to indicate 
the results of classroom nutrition teaching is a 
before-and-after study in a rural county in Min- 
nesota (U. S. Office of Education, Nutrition Educa- 
tion Series, Pamphlet No. 5, 1944). 

Prom the viewpoint of the nutrition specialist, 
the limitations of the qualitative data which result 
from food habit inquiries are obvious. Even 
when the number of servings is obtained, the 
data are difficult to evaluate because of the wide 


variation among families and public eating places 
in size of servings; an added problem is differences 
in choice of ingredients and their proportions in 
mi.xcd dishes. Moreover, the quantity of food 
left uneaten on plates is rarely, if over, taken 
into consideration. 

Nutrient intake of individuals. At the other 
extreme from the methods employed in a survey 
of food habits are those used in quantitative 
studies of food consumption connected with 
nutrition investigations. The latter are char- 
acterized by being more concerned with the 
quantity of nutrients rather than the quantity of 
commodities consumed. The techniques involved 
arc those of analytical chemistry. Each food as 
eaten may bo analyzed for its nutritive content 
and from such data plus facts on quantities (by 
weight) actually consumed, the nutritive value 
of total intake of food may bo computed. Or, a 
composite representing a duplieate or an aliquot 
of a meal or series of meals may bo blended, and 
analyzed in tolo. 

The laboratory assay method is especially useful 
under controlled situations such as can be main- 
tained in determining dietary requirements of 
indmduals, or in analyzing diets served in institu- 
tions. It has been used, however, under less con- 
trolled conditions; for e.vamplo. Winters and 
Leslie followed these procedures in studies of the 
diet of women in low-income and moderate-income 
groups in Texas (.1. Nutrition 26 : 443, 1943 and 
27: 485, 4944). 

A food record method also may be used to study 
the nutrient consumption of the individual. For 
each subject the weight (in grams) of each food 
served at meals and between meals and the weight 
of any food left uneaten is recorded; from these 
data the total weight of each food eaten over a 
period of a day or week is obtained, and the 
nutritive value is calculated from tables of average 
food composition. For mixed food products, the 
weight of the ingredients in the recipe and the 
weight of the resulting food after cooking are 
determined in order to calculate from tables of 
average composition the nutritive value of each 
food combination. 

McHenrj', among others, has used the method 
of recording quantities of food consumed coupled 
with calculation of nutritive value in his study 
of family food consumption in Toronto. In his 
studies each of the members of the household was 
included as separate subjects, and a family-food 
record study accompanied the individual . 
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record studies. (Canadian Pub. Health J. 30: 
No. 1, 4, Jan. 1939.) This method provided facts 
as to how the food supply of the family was shared 
by its members, as well as data on food consump- 
tion of persons in various age, se.x, and activity 
categories. Greater reliability probably can be 
expected from studies containing these two 
features — inclusion of all members of the house- 
hold and a simultaneous family study. They 
provide cross checks if consumption for any 
member seems questionable. 

Determination of the nutritive content of a 
subject’s food by laboratory assay eliminates 
some of the assumptions inherent in data for which 
nutritive values are calculated from tables of 
average composition and from the w'eights of the 
ingredients involved. It lessens error due to 
losses in preparation, especially if the analysis 
can be done promptly on cooked food. 

Studies of^the quantities of food customarily 
eaten by individuals at a family table are subject 
to certain types of errors. There is a great 
temptation for the subject to modify his usual 
eating patterns. For example, he may eat all 
of the food served to save the trouble of weighing 
uneaten food; and, for the same reason, he may 
forego a second or third helping. The amount 
of food prepared may also bias the quantity 
eaten, since there must always be a sample for 
analj’sis.In addition, the family often is tempted 
to impress the investigator with its high (or low) 
standard for food. For these reasons, the food 
pattern followed may be different during the 
period of a study from that at other times. 

Quantities of food commodities available for 
family consum-ption: Family food accounts. Food 
accounts or diaries, simple running reports of the 
food bought, produced or eaten, can throw much 
light on food consumption patterns. This method 
was used by the U. S. Bureau of the Census in 
1943—14 to gather data on food purchases from a 
random sample of the population. Its purpose 
was to assist the Oflice of Price Administration 
in making decisions on point values and the 
distribution of civilian food in relative^' short 
supply. Such records also are kept b 3 " many farm 
families, accounting for income received in the 
form of home-produced food, as well as disburse- 
ment of money income for purchased food. 

While such data can be collected inexpensively, 
because little supervision generally is involved, 
the time required to summarize the data from each 
family and prepare it for tabulation prior to an- 
al\-sis offsets savings ifi collection. If kept over a 
long enough period of time, inventories of food on 
hand at the beginning and end of the study pre- 
sumably balance. But the method has other dis- 
advantages which arc likely to impair the statis- 
tical value of the findings. Participation is limited 


to families that include a member able and willing 
to keep accounts. This eliminates some foreign- 
born families and those with little schooling or 
low mental capacity. Because the period covered 
tends to be long and stimulation from the super- 
vising agent generally infrequent, there are always 
an appreciable number of families that lose inter- 
est in an account-keeping project and discontinue 
their participation. Moreover, for the same 
reasons the account keeper is likely to neglect to 
enter purchases and to grow more careless in this 
respect as the study progresses. 

Family food records with inventories. These 
family food records consist of a weighed inventory 
of the food on hand at both the beginning and end 
of- the period of study plus a daily account of the 
weight of other foods brought into the home 
during the time covered, usually a week at a time. 
This period is as short as will cover the day-to-day 
cyclical pattern of eating in this country; it is as 
long as is generally feasible if cooperation is to be 
maintained. A supervisor helps the homemaker 
with both inventories and makes visits to the 
home almost daily during the week to supervise 
entries on the record. 

Schedules usually provide for a. record of the 
sex, age, and physical activites of the persons who 
who ate from home food supplies during the 
period of study and the number of such meals 
eaten by each. Usually only the food consumed at 
home is included as it is difficult for the home- 
maker to supply detailed information about food 
eaten outside the home by other members of the 
household. 

This method was used exclusively in the study 
of diets of wage-earning families made in 1934-36 
(U. S. Dept, of Agriculture, Circular 507) and as 
one of the methods employed in the 1935-36 Study 
of Consumer Purchases (U.S.Dept.of Agriculture, 


Misc. Publ. 405 and 452). 

Family food list (estimates). Family food li®^® 
are verbal reports on the food consumed at home 
during a specified period. The reporting is donebj 
the person most responsible for the purchase ana 
preparation of the family’s food, usually the 
homemaker, to a field agent. The data arc recordec 
on a prepared schedule containing a detailed list 
of food items that serves as a reminder for the 
respondent. Family food lists differ from familj 
food records described above in that by the Imt 


method consumption is reported from memory m 
terms of weights or common household measures. 
Like family food records, food lists should include 
information on the persons served from home 
food supplies and the number of meals serve • 
Unlike the food record, all the data arc obtainct 
in a single interview, and most frequently concern 
a period immediately prior to the visit of the tic ( 


agent. 


l-'EnEUATION PHOCKEniKGS 


255 


A rcsipoiidcnt can discliarnc her obliRalions as a 
particijiant in a food estimate survey quickly and 
easily. Even in a dilUcult situation the URCut 
.should be able to complete the one interview nec- 
essary in less than one hour. The rate of ]iarticii)n- 
tion, therefore, is IurIi, umkinR it a suitable 
method for getting food con.sumption data from a 
rcpresci\tative cross section of a population group. 
The accuracy of food data collected by the ea- 


family food record and food list (estimate) Imvc 
been used to provide dietary information. They 
can show on a national or regional basis the cIToct 
of different circumstances of time and place, of 
.size of family, and of economic situation on levels 
of food consumption. 

Large-scnle dietary surveys make tmssiblc any 
number of special analyses. They can sbow, for 
example, bow much families at different income 
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Fig. 1. Distribution of families by money income level and average expenditures for food per person 
per week, city families, 1941. 


timate method depends largely on the memorj- of 
respondents. It is expected that errors of over- 
estimation and underestimation bj' respondents 
in the group compensate each other in the averages 
in which the findings .arc given. It is a useful 
method, therefore, when time and money are 
short. It can be satisfactorj- when averages for 
groups of families rather than facts regarding 
individual families will seri'e the purpose of the 
study. This method was used in a study made in 
1942 of family food consumption in this countrj" 
(IT. S. Dept. Agriculture, Misc. Publ. 550). 

Uses of large-scale dietary studies. Both the 
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levels spend for food. As may be seen from the 
tabulation on p. 255 and figure 1, over half of our 
urban families had money incomes of less than 


mines how much will be spent for food. In 1941,. 
urban families with money incomes of less than 
$260 per person per year spent more than half^of 
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Fig. 2. Average consumption per person per year of specified articles or groups of foods, by families 
in different regions spending different amounts for food, 1936. 


$2000 a year in 1941, and average food expenditures 
of less than 50jl a person a day. 

Size of family as well as size of income deter- 


their money for food. Only when the year’s income 
exceeded $410 per family member did the pro- 
portion spent for food fall below 40 per cent. 
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Fig. 3. Distribution of families by money value of food, and proportion with diets furnishing more 
and less than 0.5 gram calcium per adult unit per day, 1936. 

This type of information gives the economic value of dietswith rising incomeshould not obscure 
setting against which to interpret data on dietary the position of the bulk of the Nation’s families 
patterns and the nutritive content of diets. In- with respect to income and money for food, 
terest in trends in food consumption and nutritive Nation-wide dietary surveys yield information 
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on the kinds and quantities of foods consumed in 
the United States as a whole and by different 
groups — different regions, different size families 
and different income groups. The report of the 
spring 1942 survey (Family Food Consumption 
in the United States U. S. Dept. Agr. Misc. Publ. 
550) for example, contains information on the 
consumption in the spring months of some 170 
separate items of food as well as for several groups 
of food. Such data have many uses. When the en- 
richment of bread and flour was under considera- 
tion, for instance, it was possible to estimate the 
dietary iriiprovement for various population 
groups that would result from different levels of 
enrichment. Again when the rationing program 
was being developed, the Office of Price Adminis- 
tration studied very carefullj’- the consumption of 
various foods by different income and regional 
groups. 

Food consumption data furnish a basis for 
estimating the effective demand for food with 
shifts in income. This is perhaps one of the most 
important uses in connection with planning for 
food production and distribution. The Depart- 
ment of Agriculture and others concerned with 
such problems are tremendously interested in the 
probable demand for agricultural products under 
various assumptions as to income. Business men, 
as well as farmers, are interested in the market 
outlook for their food products. Any food dis- 
tribution plan for low-income families needs to 
take into account food consumption patterns and 
the additional kinds and amounts of food such 
families can be expected to use if thej' are given 
additional purcliasing power. 

Such studies show that as consumers have more 
income and more money for the food of each 
person, consumption is increased of fruits, espe- 
cially tomatoes and citrus fruit, of succulent 
vegetables, es])ecially the leafy, green and yellow 
kinds, and of milk, eggs, meats, poultry, and fish. 
On the other hand, consumption of such food 
groups ns jHitatoes and sweetpotatoes, mature 
beans and jicas, flour and cereals, .sug.ars and fats, 
usually increase at a much slower rate, if at all. 
This v'aries from one populntion group to another, 
as shown in figure 2. 


An important part of any analysis of food con- 
sumption data is the translation of commodities 
into terms of nutrients. Average values for groups 
of families (such as can be obtained either from 
family food records or from family estimates of 
consumption) are useful for studying trends from 
time to time or from one income group to another. 
The 3 ^ show the effects of such factors as income, 
family size, region and type of community on 
possible nutritional levels. 

Family food records with inventories of food 
brought^ into the kitchen are accurate enough 
to juStifj' the calculation of the nutrients available 
in the food supply of each family. From these data 
one can determine the percentage of all families 
studied or of those in different population groups 
whose diets during the period of study furnished 
specified quantities of vmrious nutrients. Figure 
3 shows, for example, the proportion of families 
in two groups whose food in 1936 provided more or 
less than a half gram of calcium per adult unit per 
day. From a study of the distribution of families 
by level of nutritive value of their available food 
supplj’^, we also have estimated that about one- 
fourth of the families in the United States had 
diets in 1936 that met the National Research Coun- 
cil’s recommendations for riboflavin; and about 
half had diets that met the allowances for calcium, 
thiamine and ascorbic acid. In the spring of 
1942 somewhat fewer than half of the families 
had diets that met or exceeded the recommended 
allowances for riboflavin, whereas about two- 
thirds met the allowances for calcium, and the 
same proportion or more, the allowances for 
thiamine and ascorbic acid. 

, (Bj' “diets” in the foregoing paragraph is meant 
the food brought into the kitchen for family con- 
sumption. Since in the analysis quoted above no 
deductions w'ere made for the invisible losses m 
food preparation, or for waste other than avemgo 
refuse, the picture drawn is the most optimistic 
one possible. The trends probably are correct, 
the exact proportions suggest more generous 
provision of tlie more l)cat-]abilc and water soluble 
nutrients than is the case.) 


DEVELOPMENTS IN PUBLIC HEALTH NUTRITION APPRAISAL 

W.VLTER WILKINS Surgeon (R) and W. II. SEBRELL Medical Director 


Unilccl Stales Public Health Service 


All dietary surv'cy.-^ have indicated tlmt a 
largo part of the .Vincrtcan people cat diets that 
arc inadequate when compared with recommended 
allowances. Surveys conducted in different parts 
of the country have indicated that malnutrition 


is a serious problem in both rural and urban popu- 
lations; it is found in children and adults ; althoug i 
it is more prevalent in low economic groups, it is 
found in all economic levcks and in all scction.s of 
the countrv-. The percont.age of iimdcquntc diets 
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varies from one group to another. Dietary in- 
adequacy is more serious in some sections tlian in 
otliers, but tlic evidence we now have indicates 
that it is a nation.al problem. 

On the other hand, we have very inadequate 
clinical data on the kind, severity, and prevalence 
of deficiency diseases in this country. It is true 
that a few studies of nutritional .status have been 
made by various groups working in difTcrent parts 
of the country.' However, these studies have been 
too limited in scope to give us an adequate picture 
of the problem as it affects the country ns a whole — 
or even the states in which work has been done. 
It is impossible to attack the problem of preven- 
tion of deficiency dise.ases sntisfactoril}’ without 
knowning the kinds of deficiencies in the area 
concerned, their prev.alcnco, and the people af- 
fected bj’ them. 

Nutrition education and schemes for making 
food available to low income groups arc very 
valuable as preventive measures, but they do not 
furnish those extra measures that arc necessary 
to cure existing deficiencies quickly, nor do they 
give special attention to various groups of people 
seriously needing help. It should be a health de- 
partment function to find, diagnose, and determine 
the prevalence of deficiency diseases. Knowledge 
of this type is a fundamental necessity for an ad- 
equate control program. 

There are difficulties to be overcome in making 
nutrition appraisals on a public health scale. 
There are differences of opinion about interpreta- 
tion of various lesions, and often there is failure 
to recognize the importance #)f very mild symp- 
toms. The need for adequate study is very great, 
and further development should be rapid and 
extensive. 

For many years the United States Public Health 
Service has conducted research on the deficiency 
diseases; this work was started because of the 
seriousness of the pellagra problem in this country 
and the lack of knowledge about it. Now our 
knowledge of nutrition has reached a point where 
adequate treatment and prevention are possible 
for all known deficiency diseases. 

The National Nutrition Conference held in May 
19-11,- recommended that diagnostic service in 
deficiency diseases be made available to health 
departments and physicians as soon as methods 
of proven value are developed and that local and 
state health departments take a greater interest 
in nutrition. 

' Inadequate diets and nutritional deficiencies 
in the United States: their prevalence and sig- 
nificance. Bulletin 109. National Research Council. 

° Proceedings — ^National Nutrition Conference 
for Defense, 1911, Government Printing Office — 
110 . 


In carrying out Ihi.s recommendation, an im- 
])ortnnt part of the work of the nutrition division 
of the Office of Defense Health and Welfare Serv- 
ices dealt with health oflieers and physicians. 
The finst effort was to encourage cooperation 
among hcaltli oflieers, mitrilionists, and other 
Health Department staff members in making the 
best use of our knowledge and resources in the 
prcv’cntion of deficicnej' disease during the cmcr- 
genoy period just preceding the war. 

In .June 1912, an officer of the United States 
Public Health Service was assigned to the Nutri- 
tion Division of the Oflico of Defense Health and 
Welfare Services to work as nutrition consultant 
for public health officials and medical and dental 
practitioners. The objective was to stimulate 
further development of the public healtli and 
medical aspects of the national nutrition program. 

Througnoiit the development of this work, 
meetings of imblic health, medical, and dental 
organizations have been attended by the medical 
officer. Nutrition ns it relates to health has been 
discussed with individuals and groups attending 
these professional meetings. Panel discussions 
of the public health aspects of nutrition have been 
held, and talks have been made at national, state, 
and local meetings of public health, medical, and 
dental groups. On invitation, the medical officer 
helps State and local health departments plan fur- 
ther development of their public health nutrition 
programs. As a furtlicr service to State and local 
health departments, carefully selected material 
dealing with the public health aspects of nutrition 
has been made available to health departments. 

In this work the handicap of trying to prevent 
deficiency diseases without adequate knowledge 
of their prevalence or location has been fully 
recognized. Soon after the Nutrition Division was 
transferred to the Nutrition Programs Branch 
of War Food Administration, an experimental 
clinic was held for the purpose of demonstrating 
the signs and symptoms of deficiency diseases, for 
discussion of their prevalence, and to stimulate 
interest in their recognition, treatment, and 
prevention. This was follow-ed by four regional 
clinics. They stimulated so much interest that 
numerous requests for similar demonstrations were 
received from state health officers and other inter- 
ested state officials. Demand for this service re- 
sulted in the de'^elopment of a clinic procedure 
designed to assist health officers in discovering the 
best method of activity and organization to pro- 
vide adequate public health nutrition services. 

Nutrition clinic demonstrations have been 
organized by State and local health departments 
at the request of State nutrition committees. 
The Nutrition Programs Branch has assisted by 
providing the services of the United States Public 
Health Service officer assigned to the Branch. He 
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helps local health officers select patients and 
conducts, or assists in conducting, the clinics. 

The greater part of the work connected with the 
clinics is done before the actual demonstrations. 
Clinic demonstrations are usually held in a central 
place in the State; representatives of local nutri- 
tion committees and other organized groups from 
various parts of the State attend. In states where 
several clinics have been held, the State has been 
divided into sections and clinics planned so that 
representative groups from the surrounding areas 
could attend with a minimum of travel. 

An attempt is made to keep the meetings small 
and to make them informal and effective. In most 
cases, tickets are provided by the nutrition com- 
mittee. This committee and the health department 
distribute the tickets to people who represent 
agencies and groups working on various aspects 
of the nutrition problem. Each county or city in 
the area served by a clinic is usually represented 
by people from several official and voluntary agen- 


cies. 

In places where there is no local health depart- 
ment, plans for organizing and conducting nutri- 
tion clinic demonstrations have sometimes been 
worked out with other local medical organizations 
or groups, such as medical societies, medical 
schools, and hospital clinics. 

Preparation for nutrition clinic demonstrations 
includes a limited preliminary study of school 
children of the area where the conference is to be 
held. The problem is tackled from several ap- 
proaches : 

1. Limited, easily appraised diet records are 

obtained from groups of school children in 
order to learn their diet pattern. 

2. Children who have submitted diet records 

are inspected for a few of the specific signs 
that have been .associated with nutritional 
deficiency diseases. These are recorded on a 
form; positive findings are designated in 
pluses— for example; 


questionable 1 + 

mild, but definite 2-1- 


moderate 3-1- 

marked 

3. When time and facilities permit, children who 
show phj'sical signs suggesting specific 
deficiencies arc tested therapeutically 
with the nutrient the itick of which is 
thought to cause the condition. 

4 Where possible, laboratory work is done — 
including blood hemoglobin by a reliable 
method, vitamin C levels in plasma, and 
X-rays of suspected cases of rickets. 

Final work-up of the nutrition clinic demonstra- 
ion includes a limited appraisal of groups of 
chool children in the area by the Lmted States 
'ublic Health Service medical officer. He also 


inspects younger childen and adult patients who 
have been tentatively selected by the local health 
officer, local physicians, and dentists. 

At clinics held in various parts of the country, 
the following signs, which often indicate nutri- 
tional deficiencies, have been exhibited: 

1. Signs suggesting anemia (pale mucous 

membranes, etc.) 

2. Signs often associated with rickets (active 

or healed) 

a. Parietal bossing 

b. Craniotabes 

c. Flaring ribs 

d. Harrison’s groove 

e. Rachitic rosary 

f. Pidgeon breast 

g. Funnel breast 

h. Pot-belly 

i. Bowlegs or knock-knees, etc. 

3. Generally poor development (especially in 

children) 

a. Marked underweight or overweight 

b. Flabby muscles 

c. Poor posture 

4. Nutritional edema 

5. Signs of infantile scurvy 

6. Rough skin (folliculosis)-goose-pimple-like 

lesions that are sometimes associated 
with vitamin A deficiency 

7. Dermatitis of pellagra 

8. Dry rough hair 

9. Cracks, sores, or scars at corners of eyes 

10. "Granulated” lids 

11. Crusty eyelid% 

12. Inflamed lid margins (blepharitis) 

13. Eyes oversensitive to light (photophobia) 

14. Vascularization of cornea 

15. Burning, itching, or blood-shot eyes 

16. Thickening of sclerae 

17. Poor eyesight due to nutritional deficiencies 

18. Chronically peeling lips (cheilosis) 

19. Cracks, sores, or scars at corners of mouth 

(angular stomatitis) . . • \ 

20. Swollen, spongj', bleeding gums (gingivitis) 

21. Slick tongue 

22. Purplish tongue 

23. Beefj’’ red tongue (glossitis) 

24. Mottled enamel 

25. Dental caries 

26. Goiter (simple) 

In some clinics infants with scurvy and patients 
with pellagra have been shown. Their cases lia^c 
been discussed and pellagra patients have been 
questioned about the kind and onset of their symp 
toms and about their previous and present diets. 
Mothers of infants with scurvy or rickets have 
been similarly questioned about the diets of t leir 

babies. . . 

The following procedures are among those that 
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have proven auccessful in pI•c^'t;ntill^; nutrition 
clinic demonstrations. 

1. Tiio local nutrition committee chairman, or 
a person desittnated by the chairman, prc.sidea at 
the meeting. This person gives a brief statement 
of the objectives of the meeting. 

2. All discussion is in language tlmt laymen, 
especially the patients, e.an understand. 

3. The phy.sician who conducts the clinic gives 
a brief discussion. He. outlines the important 
points concerning the purpo.se of the demonstra- 
tion. 

4. A representative of the State health depart- 
ment discusses the importance of nutrition in 
relation to health problems of the State or the 
local community. 

5. A representative of a State agricultural 
agency points out the relationship between soils, 
food production, and human nutrition. Illustra- 
tion with slides and charts often proves very 
effective. 

6. A school official or teacher discusses the nutri- 
tion problems of school children. 

7. Presentation of PatienU 

Arrangements arc made for getting patients to 
the clinic. When a small child is to be presented 
an adult responsible for the care of the child 
is present. Good rapport is established with the 
patients. Each patient is given a complete ex- 
planation of the purpose of the meeting he is to 
attend and the part he is to play in it. 

Even though the clinic is licld primarily for the 
benefit of the nutrition committee and guests, 
adult patients and older children are seated as 
part of the audience. They not only benefit from the 
whole discussion, but are more at ease when they 
actually participate in the meeting. At no time 
are they made to feel that they are on exhibition. 

The patient is sometimes presented as a ‘‘case”. 
The history, principally dietary', is sometimes 
given by the doctor or nurse with the patient 
taking no part in the discussion. Sometimes the 
patient participates in the discussion by answering 
questions or by giving his own history. The audi- 
ence is encouraged to ask quesions at any time 
during the demonstration. This helps to keep the 
discussion centered on local problems and to 
provide information needed by' workers who are 
participating in the local nutrition program. 

In discussing each case, the shortcomings of the 
diet are emphasized and specific recommendations 
for improvement are offered. These recommenda- 
tions are suggestions for dietary changes, or 
additions to the diet. It is always suggested that 
the patient consult his own physician or dentist — 
if he has one. When it seems advisable, it is 
suggested that patients who have no family phy- 
sician go to a clinic for guidance. 

EoUow-up procedures, which can be carried out 


by local public huallh workers, arc jffanned. A 
brief outline of the follow-up plan is valuable to 
the midicncc and help.s show tlic patient the im- 
portance of putting ttic recommendations to work. 

Slides arc shown of deficiency discasc.s found in 
the section where tlic eiinic is liuld; they aro 
discussed by the i)Iiy6iciau who prc.scnts Iho 
clinic. A few slides showing well-developed and 
well nourislieil children, iire used to emphasize 
the importance of good nutrition to normal dc- 
vcloiiment. Somotiniesscvcr.al well-developed and 
well nourished children are shown; however, this 
is done at an earlier or later meeling to avoid 
making comparisons that might embarrass the 
malnourished children or tlicir parents. 

In order to give workers in the National Nutri- 
tion Program a better understanding of good and 
poor mitritioii, the following points are em- 
phasized at nutrition clinic demonstrations: 

1. That most of the malnutrition in this country 

is found in mild or moderate forms. 

2. That malnutrition is a group of diseases to 

which many factors contribute, and that 
understanding the i)roblom depends on 
appreciation of its various aspects. 

3. That signs and sy'inptoms of malnutrition 

may be caused by organic or functional 
disturbances or disease conditions; there- 
fore, malnutrition in the individual should 
be recognized as a medical problem that 
should be diagnosed and treated by a phy- 
sician. 

4. That the solution of community nutrition 

problems depends on appreciation of the 
various aspects of these problems by all 
individuals and agencies working in tbe 
field of nutrition — and on their coordi- 
nated efforts to work out solutions. 

5. That most malnutrition can be prevented 

by establishing and maintaining good food 
habits, together with wise production and 
utilization of food. 

To date 66 clinic demonstrations have been held 
in 24 states in all sections of the country. In all 
areas, we have found a wealth of evidence suggest- 
ing deficiency disease. The evidence also suggests 
that deficiency disease is widespread in school 
children in this country and that there is serious 
need for more adequate health department service 
in the field of nutrition. Health officers have rec- 
ognized this fact. We have received numerous 
requests from them for assistance in appraising 
the nutritional status of various groups in the 
populations they serve. However, we have not 
had the staff or funds needed to provide the 
services that health officers have requested. 

The clinic demonstration technique has been 
an experiment in a field of public health that has 
hitherto been une.xplored in this countrj'. The 
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clinics have been conducted with a minimum of 
personnel and very restricted funds. These limita- 
tions have made it impossible for us to study con- 
ditions in enough detail, and for long enough 
periods of time to make positive diagnoses, to 
recommend adequate control measures, or to ob- 
serve the results of such measures. The clinic 
demonstrations are now being expanded to include 
adequate laboratory work, thorough diet histories, 
therapeutic tests, case follow-up, nutrition educa- 
tion, and the institution of preventive measures. 

Funds have been made available to the United 
States Public Health Service to set up mobile 
units to carry on an expanded and intensified pro- 
gram of nutrition appraisal in cooperation with 
State and local health departments. Each mobile 
unit will be staffed by a medical officer, a nutri- 
tionist, a biochemist, and a nurse. 

Help will be given to State health departments 
in establishing their nutrition appraisal programs. 
The staff of the mobile unit will work with State 
and local health departments on appraisal of the 
nutritional status of population groups within 
the State. Their job will be to find, diagnose, and 
determine the prevalence of deficiency diseases 
and to recommend measures for prevention and 
control. 

We anticipate that the following general ap- 
proaches will be used; Physical examinations, 
Laboratory examinations, Histories, Diet records, 
Therapeutic tests, Nutrition Education. An im- 
portant part of the staff’s work will be to appraise 
and analyze the procedures used and to attempt 
to streamline and simplify the process of nutrition 
appraisal of groups. 

Another essential part of the work will be to 
help the State health department work out plans 
for taking over the nutrition appraisal program 
after the mobile unit leaves. We anticipate that 
the health department will assign some of its staff 
to work with the mobile unit staff. These hc.alth 
department staff members will gradually take over 
the nutrition appraisal program within the State. 
Tho 3 ' will use the methods and techniques that 
have been developed. We hope that eventually 
the}’ will be able to offer similar services to their 
local health dep.artments. 

As State and local health departments collect 
data about the kinds, prevalence, severity, and 
locale of nutritional deficiencies within the State 
they will be able to make this information avail- 
able to other State and local agencies working in 
the field of nutrition. Thus the county health 
officer will be able to tell the county school super- 
intendent how much malnutrition exists in the 
school children of the county, which schools are 
most seriously involved, and the specific deficien- 
cies found. He will also be able to recommend 
measures for prevention and control. Likewise, 


he will be in position to answer county agricultural 
workers’ questions about nutritional deficiencies 
found in various sections of the county. Armed 
with this information, educational and agricul- 
tural agencies can concentrate their work on a 
known problem, can work far more effectively 
on it, and can measure the results of their nutri- 
tion work more adequately. 

The problem of food and nutrition is our greatest 
and most complex problem in preventive medicine. 
Health officers are recognizing the fact that the 
nutrition problem presents a whole new sphere of 
health department responsibility. They arc con- 
tinually asking for help in this field. 

In March 1943, the r61e of the health department 
in the national nutrition program was discussed 
at the annual meeting of the State and Territorial 
Health Officers Association.® At that time the 
lines were indicated along wdiich State health 
departments can work to develop nutrition pro- 
grams that are in ‘keeping with sound principles 
of public health. Among the suggestions offered for 
State health departments, were the following: 

1. Collect information and do appraisals on the 

incidence and types of deficiency diseases 
and on food habits in geographical areas 
and population groups. 

2. Offer assistance to other agencies in the 

diagnosis of nutritional deficiencies. 

3. Prepare and distribute simple attractive 

material on State nutrition problems. 

4. Cooperate with other agencies dealing with 

different aspects of the nutrition problem. 

5. Take an active part in the work of the State 

Nutrition Committee. 

0. Offer information, consultation, guidance, 

and encouragement to local health depart- 
ments in developing local nutrition ap- 
praisal programs. 

7. Promote staff education in nutrition. 

Reconunendations to local health departments 
adapted these suggestions to local problems and 
facilities. For example, some specific suggestions 
for a school health program were. 

1. Cooperate with other groups in improving 

school lunches. 

2. Watch for signs of nutritional deficicncic.s 

when doing physical examinations of school 
children. 

3. When practical, sponsor demonstrations with 

school children showing results of improved 
nutrition. 

4. Sponsor limited surveys of the nutritions 

status of school children. 

®Scbrell, W. II. and W. Wilkins. The R61e 
the Health Department in the National Nutrition 
Program. Public Health Reports 58: No, 22, 

21, 1913, S03-S13. 
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We still believe tlmt State atul leeal health de- 
partments can develop more effeelivo nutrition 
services by working along these lines. They can 
choose from the above .sngge.stions the thing.s they 
can do iioie and can gradually expand their pro- 
grams as public health nutrition work develops. 

Nutrition inu.st take its place in the health de- 
partment along with sanitation and connnnnirable 
disease control as a major function in maintaining 


health. This can be done when the health depart- 
ment. can dctennine the kind, extent, and location 
of the problem, .\dctiuale appraisal of nutritional 
status is just as essent ial i n prevent ion and cont rol 
of malnutrition as a tuberculosis survey is in the 
control of ttd)erculo.sis. We believe that nutrition 
np])raisal will iirovide the fundamental informa- 
tion needed to dcvcloii more nearly adotiuatc 
nutrition programs in tlie eommunity. 


NUTRITION STUDIES IN THE NEW ORLEANS AREA 

GRACE A. GOLDSMITH 
Tulanc University, New Orleans, La. 


Nutritional delicieuey has been an imi>ortaut 
problem in Louisiana for ninny years. While the 
incidence of severe dcficiencj’ disease, such as 
pellagra and beriberi, has decreased markedly 
in the past decade, mild deficiency syndromes arc 
still common and the dietary habits of a signif- 
icant proportion of the population are far from 
ideal. 

Three dietary surveys have been conducted in 
various parts of Louisiana in tiic past few years. 
In each survey the methods of collecting and 
analyzing data were similar. A record of all food 
eaten for a one week period was kept by the indi- 
vidu.ll or family being studied. Diets were eval- 
uated by means of a score card based upon the 
recommendations of the Food and Nutrition 
Board of the National Research Council. Protec- 
tive foods were classified in ten groups each of 
which Was graded good, fair or poor depending 
upon the number of servings during a one week 
period (table I)." The total diet was evaluated 
by giving each food classed as good a score of three 
points, fair two points, and poor one point. A 
diet in which the total score was 25 or more was 
found by calculation to fulfill the recommended 
allowances of the National Research Council in 
alt respects and was designated good. A diet with 
a score of less than 15 was found to be distinctly 
deficient in one or more essential nutrients and 
was classed as poor. A fair diet, with a point 
value of 15 to 24 was borderline furnishing in 
niany instances an insufficient amount of some of 
the necessary food factors. 

The first dietarj"^ survey conducted in 1939-1940 
by Grigsby, McBryde and Davis (1), involved 1082 
Farm Security Administration families. The 
second suiwey, carried out in 1942 by Bryson, 
Tucker and Davis (2) included 780 Horae Demon- 
stration Club members’ families in 27 parishes in 
Louisiana. The third study, reported in 1943 by 
Coco, Moore, Goldsmith, Lucas and Davis (3) 
dealt with the adequacy of diets of grade and high 
school students. A tot.al of 5,776 records were 


collected in New Orleans, 377 in Crowley High 
School and 545 in grade and high schools in other 
areas in the slate. The findings in these three sur- 
veys are given in tables II and III. Only a small 
number of persons in each of the groups studied 
were found to be receiving a diet which measured 
up to the standards recommended by the National 
Research Council (table II). The poorest diets in 
each of the surveys were found in the negro groups 
where 59 to 75fo'vcrc classed as poor and 0.0 to 
3.3%good. The best diets were obtained by the 
families of Home Demonstration Club members, 
41% being classed as good, 51% fair, and only S% 
poor. These findings may be compared with those 
of the 1939-40 survey of Farm Security Adminis- 
tration families in which only 1% were good, 69% 
fair, and 30% poor. The apparent improvement 
in diet from 1940 to 1942 may be due to a number 
of factors such as differences in the groups studied, 
changes in economic status in these years and the 
influence of the nutrition educational program. 
The adequacy of diets of the families of Home 
Demonstration Club members varied in different 
agricultural areas in the state being slightly 
better in the rice area than elsewhere and poorest 
in the sugar cane area, where only 8% of diets 
were rated good while 27% were poor. Data ob- 
tained in this survey indicated that families who 
practiced diversified farming had a larger variety 
of protective foods than families who followed a 
one crop system. Home production and conserva- 
tion of foods and the ownership of farm animals 
tended to increase the adequacy of diets. The 
size of the family did not appear to influence the 
findings. There was a tendency for diets to improve 
as income increased. 

In table III the frequency with which each of 
the protective food groups appeared in the diets is 
indicated. Whole grain cereals were used in recom- 
mended quantities less often than any other food. 
The consumption of fruits, vegetables and butter 
was uniformly low' except among the families of 
Home Demonstration Club members. Eggs and 
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milk were used in substandard amounts in many 
instances. Meat and meat substitutes fulfilled 
recommended allowances more satisfactorily than 
any other food group. Seven of the protective foods 
were scored “good” in less than 50% of the diets. 
Among negroes even lower figures were obtained. 

From these data it is impossible to state spe- 
cifically which essential nutrients were most often 
ingested in insufficient amounts. However, the 
low consumption of whole grain cereals suggests 
an inadequate supplj"^ of thiamine. Diets which 
were low in fruits, vegetables, milk and butter 

TABLE I 

A score card for determining the adequacy 
of diets 


SERWNGS PER TOEK 



Good 

Fair 

Poor 

Milk 

14 or more 

8-13 

7 or less 

Butter 

14 or more 

8-13 

7 or less 

Eggs 

5 or more 

CO 

2 or less 

Lean meat or sub- 




stitute* 

7 or more 

4- 8 

3 or less 

Vegetables 




Green, leafy, or 




yellow 

7 or more 

4- 6 

3 or less 

Others 

7 or more 

4- 6 

3 or less 

Potatoes 

7 or more 

4- 6 

3 or less 

Whole grain cer- 




eals 

10 or more 

5- 9 

4 or less 

Fruits 




Citrus fruits or 




tomatoes or. , , 

7 or more 

4- 6 

3 or less 

Raw vegetablest 

7 or more 

4- 6 

3 or less 

Other fruits 

7 or more 

4- 6 

5 or less 


* Lean meat as such must appear at least four 
times a week. Meat substitutes include cheese, 
dried peas or beans and sojffieans. 

t The only raw vegetables which may be in- 
cluded in this group arc cabbage, green peppers 
and radishes. 

as well as in cereals, appear to bo deficient in 
minerals, all members of the vitamin B complex, 
vitamin C and vitamin A. 

In 1942 the Louisiana State Board of Health 
(4) conducted a survey in 17 representative 
parishes throughout the state in the course of 
which 779 children were given a gencr.al physical 
examination to determine nutritional and general 
health status. Of this group, 545 also participated 
in the dietarj- survey discussed above (sec tables 
II and III, Other Schools). Of the 779 children 
examined 44% were judged as definitely under- 
nourished while 13.4% of the white and 24.4% 


of the negro children were considered to be in 
poor or very poor nutritional condition. It was 
noted that 86% of the children had dental defects 
in need of correction, 33% poor posture, 24% some 
type of intestinal parasite and 11% anemia. These 
findings are corroborative of those obtained in 
dietary studies in the same children in which 40% 
of the white and 75% of the negro group were 
found to be receiving poor diets. 

In 1943 Goldsmith and Bryan (5) examined 45 
negro children in a school in Donaldsonville, La. 
as part of a special nutrition project. A check off 
tj'pe of card was used for recording the information 
desired. The symptoms and signs which might be 
ascribed to nutritional deficiency in these children 
are given in table IV. The findings suggested 


TABLE II 

Adequacy of diets in Louisiana as judged by 
recent surveys 


GROUP STUDIED 

. EVALUATION OE DIET (%) 

, Good 

Fair 

Poor 

Farm Security Adminis- 
tration families, white. . 

1.2 

69.3 

29.5 

Farm Security Adminis- 
tration families, negro . . 

0.0 

32.2 

67.8 

Home Demonstration 
Club Members families.. 

41.0 

51.0 

8.0 

Grade and High School 
students. New Orleans, 
white 

11.2 

59.6 

29.2 

Grade and High School 
students. New Orleans, 
negro 

3.3 

38.1 

58.6 

High School Students, 
Crowley, white 

14.5 

73.1 

12.4 

Other Schools in State, 
white 

9.0 

54.1 

36.9 

Other Schools in State, 
negro 

0.3 

24.5 

75.2 


vitamin A deficiency in 26 children, deficiency 
of the B group of vitamins' in 31, ascorbic acid 
deficiency in 4 and evidence of old rickets in 20. 
Similar findings were commonly observed during 
recent visits to schools in various parts of Lou- 
isiana. 

In November 1944, Wilkins and Moore (0) 
examined G43 school children in the Baton Rouge 
and Shreveport areas for certain signs which occur 
frequently in association with nutritional den- 
ciency. They found that 33% of the children ha 
crusted eyelids, 31% folliculosis of the arms or 
thighs, 03% changes in the gums (hyperemia, 
sponginess or bleeding), and 92% dental defects. 
In addition, 4G% had scars at the corners of the 



FEDERATION PROCEEDINGS 


266 


mouth, 11% angular stomatitis, S9% flaring ribs, rcspoctivo illiiossos may liavo increased the ro- 
GG% some degree of bossing of the skull and 01% quircniont., decreased absorption or interferred 
were somewhat knock kneed. with the utilization of nutrients. The patients were 

TABLE III 

Frequency of protective foods or food groups in diets in Louisiana 


rr.R cr.fti mrsENT is ADr.QU,\Tr. amounts 


rOOD GROUPS 


! New Orleans scliools ] 

Crowley 

j Other Schools 



AVJiitc 

Xegro 

schools 

Wliitc 

Negro 

1. Meat and moat substitutes 

SI 

79.9 

OS. 4 

89.4 

72.9 

70.7 

2. Eggs 

72 

21.5 

10.0 

32.3 

32.2 

15.2 

3. Milk 

71 

42.0 

10.5 

07.7 

49.0 

5.2 

4. Green leafy and yellow vegetables. . 

' 00 

49.1 

25.1 

04.1 

20.3 

0.7 

5. Other cooked vegetables 

59 • 1 

22.7 

1G.2 

38.5 

17.3 

0.9 

6. Fruits and certain raw vegetables. . 

55 

32.0 

19.4 

31.0 

24.7 

8.0 

7. Citrus fruits and tomatoes 

50 1 

25.1 

9.7 

29.5 

18.4 

6.5 

S. Butter 

47 I 

37.0 

5.4 j 

18.9 

9.4 

1.0 

9. Potatoes 

40 

15.9 i 

S.O 

17.1 

17.3 

10.0 

10. Whole grain cereals 

14 

7.9 

6.7 

8.3 

5.1 

0.3 


* Home Demonstration Club Members Families. 


TABLE IV 


Findings suggesting nutritional deficiency in JiS negro children 


SYMPTOMS 

NO. or 
CASES 

svimbiis 

NO. or 

CASES 

Backwiirdnp.qs in srlinnl 


Burning and itching eyes 

6 



Night blindness • . 

2 

Reoeatfid cold.q. . . .... 

11 

Failure to gain weight 

3 


9 

Bleeding gums 

3 

Poor appetite 


Sore mouth and tongue 

4 





SICKS 


SIGNS 


Skin 


Eyes 


V Diyness — scaling 

29 

Conjunct, thick-pigmented 

30 

Seborrhea— face 

27 

Conjunctival injection 

20 


18 

Photophobia 

12 


6 

Lacrimation 

10 


4 

Bitot’s spots 

7 


0 

Circumcorneal injection. 

5 

Purpura or petechiae 

0, 



Neuro muscular 


Mouth 


Poor posture 

7 

Tongue 


Increased reflexes 

6 

Red hypertrophied papillae 

36 

Calf muscle tenderoRPs 

1 

Atrophic papillae 

1 

Skeletal 


Fissures — purple 

1 

Beading of ribs 

16 

Red tips and sides 

a 

Enlarged wrists 

6 

Serious dental defects 


Other signs of rickets 

4 

Spongy bleeding gums 

4 



Cheilosis-angle lesions 

0 


In 1943 Goldsmith (7) e.xamined 200 patients in* consecutive admissions whose ages ranged from 
themedical wards of Charity Hospital for evidence 5 to 82. There was an equal number of white 
of nutritional deficiency. These individuals were male, white female, negro male and negro female 
representative of stress groups in that their patients. The symptoms and signs suggestive of 
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deficiency disease in these individuals are given in 
table V. Findings relative to niacin and riboflavin 
deficiency have been reported previously and may 
be summarized as follows : 44 persons had definite 
evidence of riboflavin deficiency, 11 of niacin 
deficiency, and 24 of deficiency of both niacin and 
riboflavin. An additional 54 patients had signs 
which were probably the result of a deficiency 
of these two vitamins. 

Nearly one-fourth of the persons examined had 
findings which suggested thiamine deficiency. The 


TABLE V 


Incidence of symptoms and signs suggestive of 
vitamin deficiency in 200 patients* 


sniproMs 


NO. OP 
PATIENTS 


Sore mouth and tongue 

Chronic diarrhea 

Nervousness and irritability 

Paresthesia and/or muscle and joint pains. 
Visual disturbances (photophobia-burn- 
ing-fatigue) 

Night blindness 

Bleeding gums and/or easy bruising 


25 

17 

54 

72 

SO 

10 

49 


SIGNS 


Nasolabial sebacious plugs 

Cheilosis 

Changes in color, texture or papillae of 

tongue 

Pellagrous dermatitis 

Tliick pigmented skin over bonj" promi- 
nences 

Follicular hyperkeratosis 

Conjunctival thickening 

Conjunctival injection 

Vascularization of cornea 

Bleeding gums and/or purpura 

Calf muscle tenderness 

Sensory and/or reflex changes 


65 

34 

111 

9 

90 

34 

72 

44 
18 
14 
57 

45 


*From the medical wards of Charity Hospital, 
New Orleans, La. 


high incidence of follicular hyperkeratosis, night 
blindness and conjunctival thickening indicated 
that vitamin A deficiency was common. Bleeding 
gums, purpura and a historj'- of easy bruising was 
considered evidence of an inadequate supply of 
ascorbic acid in a number of these patients. Ad- 
vanced and characteristic lesions were observed 
more often in the white than in the negro group. 

An interesting observation in this study was the 
high incidence of nutritional deficiency in asso- 
ciation with certain diseases. All persons with 
hyperthyroidism, cirrhosis of the liver and chronic 


alcoholism and two-thirds of the patients with 
severe infections, diabetes mellitus, carcinoma, 
and diseases of the gastro-intestinal tract had 
findings suggesting vitamin deficiency. 

The research program of theDepartmentofMcd- 
icine at Tulane University has included the study 
and development of laboratory tests for the 
evaluation of human nutritional status. The 
earliest investigations dealt with ascorbic acid. 
Of 133 patients attending a medical clinic, 86 
were found to have a level of plasma ascorbic acid 
of less than 0.4 mg. per cent. The urinary excretion 
of ascorbic acid, and the amount in the blood 
plasma, were determined in a number of persons 
after oral or intravenous administration of large 
amounts of this vitamin (8). These “saturation” 
tests indicated that many members of the clinic 
and hospital population had depleted bodily 
stores of ascorbic acid. Eighteen patients with 
pellagra (9) were studied in this manner and 12 
had evidence of ascorbic acid deficiency, which 
observation emphasizes the accepted concept 
that deficiency states are usually multiple. Vita- 
min C deficiency occurred with great frequency 
in association with allergic states, especially 
bronchial asthma, and prolonged study of a group 
of individuals with this disease indicated that 
the requirement of ascorbic acid was higher than 
normal (10). 

The urinary excretion of niacin and its deriv- 
atives was studied in a group of normal persons, 
in hospitalized patients with various acute and 
chronic diseases and in patients wfith clinical 
evidence of pellagra, ariboflavinosis and thiamine 
deficiency. The findings wez’e I’eported by Gold- 
smith (11) in a recent publication. A low excretion 
of niacin derivatives was found not only in pa- 
tients rvith pellagra and vitamin B complex 
deficiency , but in a number of hospitalized patients - 
in whom there was no clinical evidence of deficiency 
of niacin. The administration of 300 mg. of nico- 
tinamide followed by the determination of the 
excretion of niacin derivatives for a six hour 
period %vas suggested as a useful procedure in 
evaluating nutritional status in regard to this 
vitamin. 

Several problems arc being currently investi- 
gated in the nutrition laboratory at Tulane 
University. The levels of lactic acid and pjwuvic 
acid in the blood and the lactate-pyruvate ratio 
have been determined in various physiologic and 
pathologic states (12). Numerous factors have 
been found to influence the lactate-pyruvate 
ratio including exercise, food, anoxia and thiamine 

deficiency. The fall in the ratio when there is a*' 
inadccpiate supply of thiamine, does not occur 
early enough to be of clinical value in diagno.siiif- 
mild thiamine deficiency. Determination of tin 
ratio ajipeara to be a useful procedure in Btiidyiiif 
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certain aspects of thiumino and carlioliydrntc 
metabolism when exirerimental conditions are 
rigidly Btandarized. 

The excretion of thiamine, ribollavin and Fj 
(X methyl nicotinamide or derivative) in the 
urine is being measured in normal persons and in 
patients with mild and severe deficiency disease. 
Determination of the excretion of these three 
substances in a one hour urine specimen, collected 
in the morning after a twelve hour fast, was sug- 
gested by Holt and Xajjar (13) as a simple method 
for the laboratory diagnosis of deliciency of thi- 
amine, riboflavin and niacin. This test has been 
performed in over 100 persons and appears to be 
helpful in ev.aluating the .adequacy of nutrition in 
regard to these vitamins. 

During the past six months a study of the 
nutritional status of pregnant women has been in 
progress in East Baton Rouge, Plaquominc and 
St. Landry parishes in Louisiana. This investiga- 
tion was initiated by the Louisiana State Board 
of Heiilth in cooperation with the Department 
of Agricultural Chemistry and Biochemistry 
of the Louisiana Agricultural Experiment St.ation, 
the Department of Home Economies of the Lou- 
isiana State University, and the nutrition lab- 
oratorj" of the Department of Medicine of Tulane 
University. Women who were attending prenatal 
clinics of the State Health Department or who 
were being cared for under the Emergency Ma- 
ternal and Infant Care Program, and others, were 
examined during the second and third trimesters 
of pregnancy. The study has included 1, a dietary 
history; 2, kodachrome photographs of the face, 
eyes, lips, tongue, gums, hands and skin of the 
lower e.xtremity; 3, determination of hemoglobin, 
volume of packed erythrocytes, scrum protoinsand 
ascorbic acid in the blood; and 4, estimation of 
the excretion of thiamine, riboflavin and F- (N 
methyl nicotinamide or derivative) in a one hour 
specimen of urine collected before breakfast. 

Up to the present time seventy-two women (42 
white — 30 negro) have been studied. The major 
portion of the investigation has been carried out 
by Purdy' in collaboration with Moore®, Hollinger 

' Purdy, Maud B., Graduate Fellow, Depart- 
ment of Agricultural Chemistry and Biochemistrj’, 
Louisiana Agricultural Experiment Station and 
Department of Home Economics. Work supported 
in part by a grant from the General Education 
Board. 

* Moore, Margaret C., Consultant on Nutrition, 
Louisiana State Department of Health, Hollinger, 
-lartha, Associate Nutritionist, Department of 
; pionltural Chemistry and Biochemistry, Lou- 
miana Agricultural Experiment Station and 
apartment of Home Economics. 


cl al, who Imvu ns.sisted in the planning and in 
annlysi.s of data. Goldsmith and nssociates (15) 
determined llic urinary excrolion of the B vi- 
tamins. The dietary history, obtained by Purdy, 
coiisistod of a complotn record of all food eaten for 
a period of one week. During this lime all ])orliona 
of food served were measured, the quantities as 
well ns the methods of preparation being checked 
by frequent visits to the home. Analysis of the 
diets in terms of essentia! mitrients has not been 
completed but preliminary cvnliintion shows 
that a majority of the diets fail to measure up 
to National Research Council recommendations, 
while a few arc severely deficient in one or more 
food factors. Purdy (14) found that 25 of the 72 
women had a level of ascorbic acid in the blood 
plasma of less than 0.2 mg.%; an additional 22, 
a level of less than 0.4 ing.%. Scrum proteins 
measured less than 6 grams per 100 c.c. of blood 
in one case; 5-5.5 gm. in 10; 5.5-C gm. in 14 and 
over C gm. in 47. The hemoglobin in the blood was 
found to be less than 10 gm. per cent in 12 women 
.and between 10 and 11 gm. per cent in 21. 

Goldsmith found that the c.\xrotion of the B 
vitamins in the urine, in one hour during fasting, 
was low in a number of instances. While normal 
values for this test have not been definitely estab- 
lished, the following findings represent c.xcretions 
lower than any obtained in healthy individuals 
on a good diet. The excretion of thiamine in one 
hour was less than one microgram in 6 women and 
between one and two mierograms in eight. Ribo- 
flavin excretion was less than 10 mierograms in 10 
persons. The output of F- (expressed as N methyl 
nicotinamide) was zero in five instances and less 
than SO mierograms in four. These data will be 
discussed in detail elsewhere in connection with 
other studies of the urinary excretion of the B 
vitamins (15). The findings obtained from dietary 
histories, photographs and laboratory tests in 
this group of pregnant w'omen will be correlated 
and reported in detail by Purdy (16) and her asso- 
ciates. Plans have been formulated for continu- 
ing this investigation of nutrition in pregnanej' 
in other parts of Louisiana. 

This brief review of the dietary, clinical and 
laboratory studies which have been carried out 
in New Orleans and Louisiana indicates that 
nutritional deficiency is still an important problem 
in this part of the country. Further investigations 
are contemplated and remedial measures will be 
instituted. A clinic has recently been established 
in the department of Medicine at Tulane Univer- 
sity for the study of nutritional and metabolic 
disorders. This clinic should be of assistance in 
research, in teaching and in the therapeusis of 
nutritional deficiencies. 
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MICROCHEMICAL METHODS FOR NUTRITIONAL STUDIES 

OLIVER H. LOWRY and OTTO A. BESSEY 

Division of Nutrition and Physiology, The Public Health Research Institute of the City of New York, Inc. 


One of the most important needs in the field 
of nutrition, and one which has been receiving 
considerable attention lately, is the development 
of more adequate and more quantitative knowl- 
edge concerning the relation of nutrition to 
health. 

It has been evident for some time that the 
benefits to be derived from good nutrition are 
much broader than the prevention of deficienc 3 - 
diseases. Progressive improvements in growth, 
development, resistance to infection, and general 
health beyond that generally accepted as normal 
can be obtained bj- the betterment of nourishment 
over a wide range. However, the nature and degree 
of the benefits which a population such as that of 
the United States might e.xpect to derive from a 
higher nutritive level, the value of these benefits in 
terms of the whole health picture, and in terms 
of practicabilitj' and cost are questions which 
cannot be answered satisfactorily on the basis 
of present incomplete knowledge. 

One of the important aspects of this complex 
and difficult problem of evaluating nutrition in 
terms of he.alth is the necessitj- of finding more 
adequate and practical methods for measuring 
nutritional status (in terms of essential nutrients) 
on individuals and large population groups. The 
use of dietar>- histories for this purpose is in most 
cases impractical and filled with uncertainties. 
Likewise, the use of the chemical methods pre- 
viously available ha.s had m,any dhs.advantage.s. 


It is impractical, for instance, to obtain blood 
samples for survey purposes by venipuncture. 
This procedure which has been necessary because 
of the large specimen of blood required (25 to 30 
cc.) is not only laborious, but so disturbing to 
the subjects that their co-operation is soon lost. 
The same objections can be made to procedures 
requiring fasting or timed urine specimens. R 
addition to the difficulties involved in obtaining 
specimens, these macromethods are usually so 
laborious from a laboratory point of view that 
their use for large scale survey purposes or for 
extensive physiological studies is greatly linutc 
because of the time required. If, however, tic 
above mentioned difficulties could be overcome, 
biochemical methods offer possibilities as direc 
objective means for measuring the dietaiy intakes 
of the various nutritive essentials. 

Some time ago this laboratory undertook t m 
problem of developing microchcmical metho s 
which might be suitable for the determination 
of the various important nutritive substances in 
blood and other bodj' fluids. It ivas hoped t m 
methods could be developed for ivhich the amoun 
of blood obtainable from a simple finger-tip punc 
turc would be sufficient for several different e 
terminations. Encouraging progress has >ee 
made in finding such methods. 

We now have in use in our laboratorj' niic 
methods for seven of the nutritive 
their corresponding tissue derivatives. 
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methods have been thoroughly tested for repro- 
ducihility and accutucy against the usual macro- 
methods and by other standards, and they are 
verj- satisfactory in this rea])cct. They have also 
had a limited field test on about 1,000 New York 
school children, which has demonstrated tho 
simplicity of obtaining and preserving specinicim, 
and the rate at which the determinations can bo 
performed in the laboratory. The seven subsl anccs 
(vit.nmin A, carotene, ascorbic acid, riboflavin, 
scrum protein, hemoglobin, and alkaline phos- 
phatase) can be determined on two or three drops 
(O.I ml.) of blood. Details of the methods and 
proof of their reliability will be published in a 
scries of papers which arc being prepared. There- 
fore, only a brief description of the procedures and 
mention of the equipment used will be ))rcaentcd 
here. 

The blood, 0.1 ml,, is collected from a finger-tip 
puncture in two capillary tubes, HO cmm. of blood 
in each. Tubes of tho typo used for melting point 
determination are used. One tube contain.s an 
anticoagulant (heparin) while the blood in the 
other is allowed to clot. After filling, the ends 
of tho tubes are sealed with Plioone cement, 
labeled, and sent to tho laboratory. Two workers 
can collect about forty specimens an hour. The 
procedure is simple and expedient, and even small 
children do not object to repeated testing. 

In the laboratory, the capillary tubes arc 
centrifuged (scvernl hundred at a time), after 
wluch the tubes are broken with a diamond pencil 
at the junction between the fluid and cellular 
layers. Aliquots are removed for the various de- 
terminations bj' the use of Lang-Levy pipettes 
(1). These pipettes can be made to deliver volumes 
of 3 cmm. to 1,000 enun. with an accuracy of 0.05 
to 0.5 per cent. They are filled and delivered by 
the use of a small rubber tube of the type used 
with blood cell pipettes. With these pipettes one 
can not only measure small volumes of fluids with 
a high degree of precision, but the measurements 
can be made much more rapidlj^ than with pipettes 
of the usual typo and volume. 

Vitamin A and carotene are determined as 
follows; 35 cmm. of plasma are measured into a 
capillary test tube. Alcoholic KOH is added and 
the tubes are incubated for a few minutes for 
saponification. An accurately measured volume 
of -xj'lene-kerosene mixture is then added plus » 
short piece of steel wire, and the tube is sealed in 
an open flame. The vitamin A and carotene are ' 
extracted by shaking a number of the tubes at the 
same time. After centrifuging, the tube is broken 
and the xjdene-kerosene layer transferred, by the 
use of a micropipette, into a microcuvette. The 
light absorption at 460 mp is used as a measure of 
the carotene while the absorption at 328 m;i, 
before and after irradiation of the sampie in ultra- 
'lolet light (which destroys vitamin A) is used 


to determine vitamin A. Tlie Beckman spuctro- 
photomotcr has been adapted and cuvettes de- 
signed so that colorimetric measurements can be 
made on 30 to 60 cram, of solution. Two persons 
cun do about 100 such vitamin A determinations 
in a day. 

Plasma ascorbic acid is determined on 10 cmm. 
of plasma. Tlio Roc method (2) which involves the 
dctermiunlion of the color resulting from the 
reaction of dohydroasoorbic acid with dinitro- 
phcnyl hydrazine has been used. The color is 
measured with tho Bookman spectrophotometer 
as indicated above. Two technicians can perform 
approximately 150 such determinations per day. 

Riboflavin is determined in the red blood cells 
(20 enun.) by means of a microbiological method 
suitable for use with 0.1 to 0,5 mpg, of riboflavin. 
The details of this procedure ns used on cornea! 
tissue has recently been published (3). 

Since tlic density of plasma is primarily due to 
its protein content, a density measurement can 
serve as a means of determining plasma proteins. 
For this purpose the Lang gradient tube has been 
used (4). The gradient tube is prepared as follows; 
A 1,000 ml. graduate cylinder is half filled with 
brombenzene-kerosone mixture, density 1,07; 
a koroseno-brombenzene mixture, density 0.99, is 
carefully layered above. The two layers are then 
mixed by a churn-like motion with a stirrer in 
such a manner that a column of varying density 
results, heavy at the bottom and progressively 
less dense up the length of the column. An aqueous 
drop placed into such a column falls until it reaches 
a position of equidensity. This position can be 
read from the graduations on the cylinder. The 
column is calibrated with salt solutions of known 
density before each series of determinations. 
As many as 60 to 70 determinations can be made 
in duplicate before it is necessary to remove the 
plasma droplets. This is quioklj'- done by sprin- 
kling a small amount of sea sand into the cylinder, 
which adheres to and carries to the bottom the 
aqueous drops. A gradient of this type remains 
usable for six to eight months. The method is 
simple and accurate, as shown by comparison with 
the Kjeldhal method (4). A team of two people 
can do 60 or 70 determinations per hour by this 
method. 

Hemoglobin is determined colorimetrically. 
At the time the blood is collected, a 5 to 10 cmm. 
specimen, measured accurately by means of a 
constriction pipette, is delivered directly from 
the finger into 1 ml. of dilute ammonia. The color 
density is subsequently measured in a photoelec- 
tric colorimeter. If the blood is carefully drawn, 
this method has a precision of ± 2 to 3 per cent. 
It is of interest to point out that although hemo- 
globin methods have been extensively used for 
some years, much of the data in the literature can- 
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not be compared because of the failure to use 
standard and precise methods. 

Phosphatase is determined by the use of a newly 
developed, simple, and direct method. Three 
cmm. of serum are measured into a small tube. 
Fifty cmm. of a reagent composed of 0.4 per cent 
of the sodium salt of p-nitrophenyl phosphate in 
a buffer are added. The tube and contents are 
incubated at 37° C. for thirty minutes, and 0.4 
ml. sodium hydroxide is added to stop the reaction. 
The yellow color produced by the p-nitrophenol 
resulting from hydrolysis of the colorless phos- 
phate reagent is measured in a photoelectric 
colorimeter. Several hundred determinations can 
be completed in a day by two technicians. 

These microchemical techniques offer an ad- 
vantage not only in regard to the convenience of 
procurement of specimens, but also in the rate 
at which dterminations can be performed in the 
laboratory. It should be pointed out that for 



Fig. 1. Distribution of plasma ascorbic acid 
analysis. Group A — well nourished; Group B — in- 
termediately nourished; Group C — poorly nour- 
ished (see text) . 

some methods instruments are used which cannot 
be easily taken into the field (c.g. the Beckman 
spectrophotometer). However, with present-day 
transportation methods it is no longer necessary 
to plan to do all determinations in the field. One 
of us (0. H. L.) used the described micromethods 
recently as a part of a survey in Newfoundland. 
(5). A kit weighing less than 100 pounds was all 
that was required in the field. Some of the deter- 
minations were made there while other specimens 
were prepared for shipment in dry ice to the lab- 
oratory. (Small volumes make this a practical 
procedure.) Several weeks elapsed before some 
determinations were done. This was made possible 
by the proper preservation of the specimens before 
freezing. 

A full report on the results of surveys in which 
these micromethods have been used is in prep- 
aration and, therefore, only a brief comment on 
this material will be made here. The analysis of 


large numbers of specimens offers no difficulties 
and proceeds with good economy of time. Likemse 
the precision of analysis under such circumstances 
was satisfactory. Figures 1 and 2 summarize the 
results of determinations of ascorbic acid and 
hemoglobin on three groups of New York school 
children (A, B, and C), all with different economic 
backgrounds, and illustrate how the methods may 
be used for group studies. Each group numbered 
about 75; group A — from a high economic area of 
the City, group B — from an area of intermediate 
economic circumstances, and group C— from a 
very low economic area. The points on each of 
the curves show the percentage of each particular 
group which had analytical values falling in the 
zone indicated by the figures along the base of 
the curve. For instance, in figure 1, 60 per cent 
of group A had plasma ascorbic acid levels of l.o 
to 2.0 mg. per cent, while only 5 per cent of these 
in group C had ascorbic acid values in the same 



Fig. 2. Distribution of hemoglobin analysis. 
Group A — ^well nourished; Group B — intermedi- 
ately nourished; Group C — poorly nourished (see 
text) . 

range. Although there were no children in group 
A having an analysis below 0.4 mg. per cent (con- 
sidered a subnormal level) 25 per cent of t 
children in group C were below this level. R 
interesting to note that the hemoglobin values 
(fig. 2) show a similar distribution. The same has 
been found to be true for vitamin A and carotene. 

Among these groups there were similar mcasur 
able differences in the blood values for many o 
the essential nutrients. This undoubtedly ni^n? 
a difference in nutritive level. What these diner 
ences mean in terms of health is, of course, anot lor 
problem. , . 

Although in general there is a correlation JC 

tween the dietary intake of the various nutri I'C 
essentials and the concentration of these 
stances or their derivatives in the blood one >r) } 
fluids, there are other factors which also influcnc 
these concentrations. Furthermore, the 
tissue levels may not bear a linear relation.^ up 
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tlin intake uver a hrnad rniine. U in, therefore, 
nereasary in order to interpret blood nnulyais in 
terms of dietary intake or nutritional atatns to 
have eertain information eoncerninK the pliyai- 
( 1 I 0 R.V audhiiH'hemistry of these substsinees.Much 
of the necessary information is now at hand, but 
it is clearly necessary to obtain furtiier knowledge 
of the processes involved itt order to derive full 
value from blood tlata. The availability of the 
micro-analytical methods described liere should 
he of assistance in obtaining the kind of informa- 
tion needed for the reliable interpretation of such 
data. 

In addition to application to surveys, there are 
other advantages in the use of micromethods. 
There are many initrition problems in pediatrics, 
particularly in connection with the premature 
infant, which will be made possible or easy by 
such methods. There is much to be" learned about 
the physiologj' of the various nutritive essentials 
which can come through further studios with ex- 
perimental animals. With micromethods available, 
repeated blood .samples may be obtained from the 


.same small animal, tlnis avoiding the necessity 
of using pooled samples. Such mothods also make 
possible studies 011 very small biopsy specimens 
fniin eitlicr man or experimental animals. Thus 
certain tissue studies heretofore impossible be- 
come feasible. 
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FINDINGS ON EX.VMINATIONS OF NEWBORN INFANTS AND INFANTS 
DURING THE NEO-NATAL PERIOD \VHICH APPEAR TO HAVE A 
RELATIONSHIP TO THE DIETS OF THEIR MOTHERS 
DURING PREGNANCY 

H. C. STUART 
Harvard School of Pvblic Health 


In considering the evidences of faulty nutrition 
which may be observed at the time of birth, I 
am going to pass over the well-known evidences 
of deficiency diseases and take up some rather 
special evidences wliicb liave come to ligiit re- 
cently and are not usually associated with the 
fiuestidn of prenatal nutrition. 

Of course, most of the nutritional deficiency 
diseases have been reported at birth, but tliey are 
very.seldom encountered at that particular stage. 
When they are encountered at three months or 
even six months, they probably reflect faulty 
maternal nutrition. But I am concerned here 
primarily with a few types of evidence which can 
he recognized at birth and which seem to reflect 
faulty maternal diet. 

1 shall present at first a few charts wliich show 
fhc background of what I want to summarize at 
the end as to the newer evidences. As the time is 
short, I am going to assume that moat of you are 
mniliar with what the Department of Maternal 
and Child Hciilth of the Harv.ard School of Public 

ealth has been doing at the Lying-in-Hospital in 


Boston and witli the publications of Mrs. Burke 
and the others that have thus far appeared; but to 
orient you, I shall show three or four charts from 
publications that have alread 3 ' appeared. 

I might say that we felt some j’ears ago wlien we 
started these studies that we wouldn’t get very 
far unless we had a triumvirate working together: 
a nutritionist, an obstetrician and a pediatrician. 
Unfortunately, Doctor Kirkwood, ourobstetrician, 
has been in the Army for more than two years, I 
have been away for the major portion of the last 
tw'O or three j'ears, and Mrs. Burke has been carry- 
ing on valiantly alone— -rather, with the aid of 
others who have come to her assistance at the 
School of Public Health. 

Figure 1 : 1 am not going to take time to define 
terms which have been defined in the publications. 
This chart shows what Tisdall and others have 
shown before, that there is a marked relationship 
between condition at birth in general and dietary 
indadequacies in general. Since my return, Mrs. 
Burke and I have been attempting to assemble 
data which will give ns a little better idea as to 
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tho specific signs in the infant and as to llie specific 
factors in the diet. 

Figure 2: This shows maternal diet, tiial is, the 
general rating of maternal diet in relation to birth 


Figure 3: You will sec from this chart that in 
tho good to oxcellcnt diet group tlicrc arc verj’ 
few small babio.s, and ino.st of them are in the 
over seven pounds group; whereas the reverse is 



GOOD OR EXCELUEHT 
31 CASES 


FAIR 

149 CASES 


POOR TO VERY POOR 
36 CASES 


MEAN GENERAL RATING OF PRENATAL DIET 


Courtesy of Tho Journal of Nutrition, 26, p. BC9, December, 1913 

Fig. 1. Relationship of prenatal nutrition to the physical condition of the infant at birth and within 

first two weeks of life. 


Birlh weights and lengths of infants grouped according to prenatal dietary rating 


BIRTH WEIGHT 

i 

TRENATAI. DIETARY RATING 


Excellent or good 

Fair 

Poor to very poor ^ 

Ibs.-oz. 




Average 

8-8 

7-7 

5-13 

Range 

6-12 to 11-7 

3-6 to 9-3 

3-4 to 8-15 . 

BIRTH LENGTH 




cm. 




Average 

51.8 

50.0 

47.2 

Range 

46.9 to 54.6 

45.0 to 54.4 

40.6 to 52.7 


Fig. 2 — Courtesy of the Journal of Nutrition, 26, p. 569, December, 1943 


weight and birth length. Prematures have been 
included in this chart, so that factors of small 
size that are contributed by premature onset of 
labor as well as by faulty fetal growth can be 
taken into account. 


true for the poor diet group. The same is 
for body length at the bottom of the chart. T ero 
are few infants under 60 centimeters in the goo 
diet group and few, over 50 centimeters in the poo 
diet group. 
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Figure 4: This churl shows the rohition of 
protein in tlio inntcrniil diet to birtli lengtli. It 
appears that tlic length of the baby at l)irth is 
very closely associated with the amount of protein 
in the mother’s diet. 

Figure 5: This gives the numerical values for 
the data prosouted in graphic fonn in the preced- 
ing chart, excluding premature infants. tVe have 
found a higlier correlation between animal protein 
(excluding milk and cheese) and length, tlian bc- 


inatcrnal diet and o.s.soous development at birth 
and is a very interesting recent finding in analyz- 
ing our material. By os.scous development I 
moan the presence of o.ssoous centers in the hand, 
knee, and foot, based upon study of X-rays taken 
at birth. Mrs. Harding of our Department has 
given a rating of “advanced”, “average” or “re- 
tarded” to all the X-ray fdms taken on this group 
of infants. You see that generally poor diet is 
strongly correlated with retardation in the in- 


Birth weight and birth length in relation to maternal diet during pregnane;/ 
(From study of 210 pregnancies. Harvard School of Public Health series) 




MATCRNAt DIET RATING 


DiRTTt WEicrrr 

Good or excel- 
lent 

Fair to good 

Fair 

Fair to poor i 

Poor to vcr>' 
poor 



Number ot cases 




31 

36 

63 

SO 

36 

3 to 5 lbs 

0 

1 

0 

0 

8 

5 to 7 lbs 

2 

0 

IG 

16 

19 

7 to 9 lbs 

20 

27 

46 

34 

8 

9 to 11 lbs 

S 

2 

1 

0 

0 

11 lbs. plus 

Unknown 

1 

0 

0 

0 

0 

(I) 

Total under 7 lbs 

2 (G%) 
29 (94%) 

7 (10%) 
29 (81%) 

IG (25%) 

47 (75%) 

16 (32%) 
34 (68%) 

27 (77%) 

8 (23%) 

Total 7 lbs. and over 

BIRTH LEKCTH 






42 to 44 cm 

0 

0 

0 

0 

2 

44 to 47 cm 

0 

2 

0 

5 

8 

47 to SO cm 

3 

6 

23 

27 

13 

50 to 53 cm. ... 

21 

25 

39 

18 

6 

53 cm. and over 

Unknown 

7 

3 

1 

0 

2 

(S) 

Total under 50 cm 

3 (10%) 

8 (22%) 

23 (36.5%) 

32 (64%) 
18 (36%) 

23 (74%) 

8 (26%) 

Total 50 cm. and over 

2S (90%) 

28 (77%) 

40 (63.5%) 


Fig. 3 


reen either total non-animal protein or milk 
lOne and length. 

The relation between maternal diet and the 
mount of muscle and subcutaneous tissue in the 
ifant would be of interest. This could unquestion- 
hly be learned from X-ray films of the leg of the 
ifant. One of us has demonstrated the value of 
noh a technique at other ages, but unfortunately 
ur X-rays taken at birth were not planned with 
his in nund. So few of them are good that I am 
lot able to give you the evidence from our own 
larticular studies. 

Figure 6: This chart shows the relation between 


fant’s osseous development. The difference be- 
tween a good or e.xoellent diet and a fair diet is 
not so striking, although there are more retarded 
infants in the fair diet group. It is obvious that 
few are advanced and many are retarded in the 
very poor diet group. 

We have studied the same subject from the 
standpoint of the protein in the maternal diet and 
find what appears to be an even stronger relation- 
ship, which is shown in Figure 7. We realize that 
protein, phosphorus and certain other nutrients 
are closely associated in the diet and that it might 
be one or another factor when protein is studied. 
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BIRTH lengths QF infants ICENTIMETERSI 

Courtesy of The Journnl of Pedietries, 25, p. 50G, November, 19t3 

Fig. 4 


Relationship of birth weight*' and birth length to 
total protein in mother's diet during pregnancy 
{Jfth through 9th inonth) 



AV'EKAC.E TOTAL PROTEIN (OU.) 


Under 

45 to 55 to 65 to 75 to 

85 or 


45 

54 64 74 84 

more 


1 Biith weight in pounds and ounces 

Boys .... 

6-8 

7-0 7-7 S-0 S-5 

9-2 

Girls .... 

5-14 

6-14 7-8 7-12 8-1 

S-S 


Birth length in centimeters 

Boys . r • . 

47.6 

49.3 50.2 51.4 52.0 

53.3 

Girls . i . . 

46.8 

48.7 49.9 50.3 51.4 

52.4 


* No infants under 5 pounds were included in 
tbis distribution. 


Courtesy of The Journal of Pediatrics, 28, p. 506, 
November, 1943 

Fig. 5 



MEAN GENERAL RATING OF PRENATAL GIFT. ^ 

Fig. 6. Relation of osseous development 
full-term infants at birth to their mothers ( ic 


during pregnancy. 


However, we know that protein forms the matrix 
for bone growth, and there are other evidences 
that protein may be the principal factor here. In 
the excellent protein diet group, 57 per cent were 
advanced and 14 per cent were retarded, whereas 


in the poor protein group none were advanced and 
71 per cent were retarded in osseous developmen 
We have examined our data on osseous devc o ^ 
ment from the standpoint of calcium in the le • 
This relationship is shown in Figure S. A soni 
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EXCCLLtHT GOOD FAIR POOR VCRF POOR 

HI CAStSl (4S CASES) <64 CASES) (49 CASES) (IT CASES) 


PHOTEIM BATIHC OF PREMATAE DIET 

Fig. 7. Relation of osseous development of living full-term infants at birth to the protein content 
of their mothers’ diets during pregnanej’. 



EXCELLENT GOOD FAIR POOR VERY POOR 

(31 CASES)' (34 CASES) <42 CASES) (ST CASES) (33 CASES) 


CALCIUM RATING OF PRENATAL DIET 

^8; Relation of osseous development of living full-term infants at birth to the calcium content 
o their mothers’ diets during pregnancy. 

■"hat less marked relationship was found than giving 6 per cent advanced and 64 per cent re- 
T\ith protein; e.vcellent calcium giving 32 per cent tarded. 

s 'anced with 23 per cent retarded, poor calcium Mrs. Harding has devised a technique for eval- 
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uating the amount of calcium in the teeth as seen 
in the lateral roentgenogram of the head at the 
time of birth. She made ratings of all of our infants 
independently on the basis of her technique. 
{Figure 9.) This slide shows very much the same 
relationship between calcification in the teeth 
before eruption and maternal diet as obtained 
for osseous development in the bones. There were 
no advanced and a very large number of retarded 
in the poor diet group. As to protein in the moth- 
er’s diet in relation to calcification of the teeth 
(Figure 10), 37 per cent in the excellent protein 
group showed advanced tooth development, 16 



EXCELLENT VENT POOR 

128 CASES) (I3T CASES) (IT CASES) 

MEAN GENENAL BATING OF PRENATAL DIET 

Fig. 9. Relation of development of teeth (as 
seen in lateral X-ray of head) in living full-term 
infants at birth to their mothers’ diets during 
pregnancy. 

per cent retarded ; whereas in the very poor protein 
group, none were advanced and 71 per cent were 
retarded. For the excellent calcium diets, 28 per 
cent of the infants were advanced and 24 per cent 
retarded; for the verj’- poor calcium diets, 10 per 
cent were advanced and 62 per cent retarded. 
This relationship is shown in Figure 11. 

I am going to pass over the question of blood 
values because we didn’t have satisfactory blood 
determinations for the newborn on a large enough 
number of this series to be sure what sort of re- 
lationship existed. We believe that blood hemo- 
globins and red counts are of much more signifi- 
cance at three months or even at six months than 
they are at birth in relation to maternal diet. We 
will later consider the relation of maternal anemia 
to infant conditions. 


Figure 12: In order to understand wl)y so many 
infants are in unsatisfactory condition at birth 
when their mothers have taken a poor or very poor 
diet during pregnancy, it is necessary to consider 
the health and associated findings of the mother. 
This slide shows the general maternal dietarj' 
rating in relation to the complications of preg- 
nancy. There were 101 complications of pregnancy 
occurring in 80 of these 216 women. Pre-eclampaia 
occurred 28 times, severe nausea and vomiting 16 
times, severe anemia 11 times. There were 46 
complications in the miscellaneous group, and 
most of them were mild or minor conditions which 
would not be expected to influence the fetus in 
any way. So, I shall confine my attention to the 
three groups : pre-eclampsia, nausea and vomiting, 
and anemia. 

Figure 13 : Here we see that 23 of 28 infants horn 
to women with pre-eclampsia failed to obtain a 
good rating. Among the poor results W’ere 2 still- 
births, 3 premature births with congenital defects, 
4 premature births without congenital defects, 9 
immature births* and 5 with other conditions 
which contributed to a pediatric rating of fair 
or poor. One of the stillborn infants had multiple 
congenital defects as well. Thus 4 infants in this 
series of 28 had congenital defects. Pre-eclampsia 
doesn’t occur early in pregnancy, and congenital 
defects obviously are initiated early in pregnancy. 
So we can’t say that the pre-eclampsia was the 
cause of the congenital defect, but it might be 
that faulty diet before or during early pregnancy 
led to the congenital defects or to some of the 
congenital defects as w'ell as to the pre-eclampsia. 

Figure 14: This chart is too complicated for 
hasty review, but under the good or excellent 
diet heading we see that there were no cases of 
pre-eclampsia. There were 12 cases of pre- 
eclampsia in the fair diet group and 16 in the 
poor to very poor diet group. The slide shows that 
pre-eclampsia in a number of cases led to early 
interruption of pregnancy, and this explains m 
part the incidence of prematurity in this senes. 
There wms also considerable dystocia both in those 
having spontaneous onset of labor and in those 
in which labor was induced, possibly more than 


>uld be expected in such a series. 

Figure 15 : In the 16 cases of complication wit i 
iTcre nausea and vomiting, one in the fair die 
3up and five in the poor diet group later ha 
e-eclampsia. If we .eliminated these, w'c fin 
at nausea and vomiting occurred in almost t le 
me numbers among women taking good, fair 

d poor diets, but what happened to the ba } 

T*a fhftt, noor diet 


* By “immature” is meant that the^ infants 
received a “functionally inunature” rating from 
the pediatrician and w'ero in the borderline w eig > 
group between 5 pounds and 6 pounds, 8 ounces. 
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per EC may not contributo to tbo occurrence of but succeeds in taking an adequate diet during 
severe nausea and vomiting but if the latter is pregnancy, there doesn’t appear to bo a strong 


23 


EXCtLl-EHT 
119 CilSESi 


GOOD 

(43 CASES) 


FAIR 

(3r CASES) 


POOR 

(44 CASES) 


VERE POOR 
(IT CASES) 


PROTEIN RATIKO OF PRENATAL DIET 


Fig. 10. Relation of development of teeth (as seen in lateral X-ray of head) in living full-term infants 
at birth to the protein content of their mothers’ diets during pregnancy. 



CALOIUH RATING OF PRENATAL DIET 

Kg- 11. Relation of development of teeth (as seen in lateral X-ray of head) in living full-term infants 
at birth to the calcium content of their mothers’ diets during pregnancy. 


severe, it may lead to a poor diet being consumed 
urmg pregnancy and this may in turn lead to the 
associated with inadequate diet. In 
o er Words, if a woman has nausea and vomiting 


relationship between nausea and vomiting per se 
and unsatisfactory condition of the infant at birth. 

Figure 16: This is a very complicated chart, 
but I would simply call your attention to the fact 
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that among 11 cases of severe anemia occurring 
among 216 mothers, 6 of the infants obtained a 
good or excellent rating at birth, against 5 who 
did not. There was one stillbirth in this group with 
multiple congenital anomalies, and there was one 


was an unduly high incidence of unsatisfactorj’ 
condition. 

Premature birth and functional or structural 
immaturity at birth appear to be to an important 
extent related to faulty maternal diet, either 


NORMAL 

PRENATAL 

COURSE 

ee % 


COMPLU 

CATIONS 

DURING 

PRENATAL 

COURSE 

32 K 


0000 OR EXCELLENT 
PRENATAL PIET 


NORMAL 

PRENATAL 

COURSE 

4 2 % 


COMPLI- 

CATIONS 

DURING 

PRENATAL 

COURSE 

58% 


POOR TO VERT POOR 
PRENATAL DIET 



INCIDENCE 


OF PRE- 


ECLAMPStA 


44 % 

INCIDENCE 


OF PRE- 


ECUUPSIA 


0 % 



GOOD OR POOR TO 
EXCELLENT VERT POOR 
PRENATAL PRENATAL 
PIET DIET 


Courtesy of American Journal of Obstetrics and GynecoIoRy, P- 3Si Jab’, 

« . , 

Fig. 12. Relationship of the prenatal course to, the mother's diet durning pregnancy. Incidence o 
pre-eclampsia in relation to the mother's diet during pregnancy. 


Condition of infant at hirlhfolloxving 28 pregnancies 
complicated by pre-eclampsia 

(From study of 216 pregnancies, Harvard School 
of Public Health series) 


CONDITION or INFANT AT BIRTH 

NUM- 
BER OF 
CASES 

PER 
: CENT 

Stillborn 

2 


Premature with congenital defect. . . 

3 

! 11 

Premature without congenital defect 

4 

1 14 

Immature (5-1 to 6-8) 

9 

1 32 

Condition “fair" or “poor" for 
other reasons 

i 

5 

1 

18 

Total failing “good" rating 

23 

82 

Infants in “good" condition 

5 

18 

Infants in “excellent" condition. . 

0 

0 


Fig. 13 


immature birth, and three infants had other 
pathological findings. One of these eleven women 
had pre-eclampsia. This slide shows that although 
a number of the infants born to these anemic 
women were in good condition at birth, there 


directly or indirectly. Thus faulty prenata 
nutrition should be looked upon as one ® 
possible causes of small size or immaturity a 
birth. Clinical evidences of immaturity should e 
supplemented with body measurements and a 
rating of osseous development at birth. Develop 
ment of the primary teeth, as seen in X-ray 
of the head, may prove to be a helpful indication 
as well. The protein content of the mother s ic 
appears to be a particularly important factor in 
relation to the maturity of the baby at birt an 
in relation to his body size. Congenital defects o 
the types which represent retarded or faulty cm 
bryonic development should be looked upon c 
possibly the result of faulty maternal niitntio^^ 
and therefore should be recorded under a nn 
tional examination of the newborn. It shou 
remembered, however, that preconceptiona ^ ic 
and diet in the early months of pregnane} a 
probably more important than diet in later pre 
nancy in leading to congenital defects. 

A nutritional assessment of the newborn ® ° 
include in the questionnaire the occurrence o 
eclampsia, pernicious vomiting or severe 
during pregnancy, and it probably s lou 
include evidence of dystocia due to u 
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inertia and (lie like, but- wo have very litllo evi- On the basin of present knowledge, a survey of 
dcncc on tlmt subject ns yet. The weight, of the the nutritional state of the population should 
mother at llie beginning and tlie end of pregnancy include observations on four special groups in 

Sliithj of 3S rosi'.s- of pr(.'-rc/nmp.s(<7 in rrlnlioii to niatrnial nutrition 


(rrom study of 216 pregnant women and their infants, Harvard School of Public Health sories) 


1 

i 

OOOD OK j:x- 
a:Lu:NT dikt 
(31) 

rAlK DIET (149) 

I'ooR TO m:ry rooR 
DIET (36) 


Number of 
cases 

Number of 
cases 

Per cent 

Number of 
cases 

Per cent 

Occurrence of prc-oclampsia. . . ' 


12 

s 

10 

44 

Occurrence of fetal death.. 


0 

0 

2 

G 

Occurrence of neonatal death. . 


1) 

0 

0 

0 

Occurrence of premature births 51bs. orless ! 

j 

1 

0.7 i 

G 

IS 

Occurrence of immature births over 5 lbs. to 6 j lbs 
Birth of congenitally defective (also premature) j 


3 

2 1 

6 

18 

infants j 

Birth of infants with other or questionable path- ! 

No cases 

1 

0.7 

2 

6 

ology (classified as in "fair” condition) .. . 

Birth of normal infants (classified as in “good" 

1 : 

3 

2 

2 

6 

condition) 

1 

5 

3 

0 

0 

Caesarian section 


1 

0.7 

2 

6 

Induced labor with dystocia 


1 

0.7 

1 

3 

Induced labor without dystocia ... 

1 

0 

0 

3 

8 

Spontaneous labor with dystocia 


5 

3 

2 

6 

Spontaneous labor without dystocia 


5 

3 

8 

22 


Fig. 14 


Condition of infant at birth following 16 pregnancies complicated bi/ severe nausea and vomiting* 


(From study of 216 pregnancies, Harvard School of Public Health series) 



iLVTERN’.Vt DIET GOOD 

OR EXCELLENT (31) 

ilATERNAl DIET FAIR 

(149) 

JfATERNAL DIET POOR 
TO VERY POOR (36) 


Number of 
cases 

1 Per cent 

Number of 
cases 

1 

Per cent | 

Number of 
cases 1 

Per cent 

Occurrence of severe nausea and vomiting. . 

4 

13 

5 

3 

1 

7 

19 

Occurrence of fetal death 1 

0 

0 

0 

0 

1 

3 

' I’^nnts born prematurely 

Occurrence of immature births (over 5 lbs. 

0 

0 

i 

0 

0 

3 

8 

' to6Hbs.)... 

Birth of congenitally defective infants (one 

0 

0 

1 

0.7 

2 

6 

also premature) . 

' of infants with otlier or questionable 

patholog}- (classified as in “fair” con- 

0 

0 

0 

0 

2 

6 

aition) . 

' ®*rth of normal infants (classified as in 

1 

3 

2 

1 

0 

0 

good” or “e.xcellent” condition) 

3 

10 

2 

1 

1 

0 

0 


-I Pregnancy was later complicated by pre-eclampsia in six of these cases, one in the “Fair” diet 
group, five in the “Poor to Yory Poor” diet group.- 


;; ' . Fig. 15 

/ *? *®P°rtant to the infant as well as maternal the population. If the fullest understanding of 
[{ diseases. Clinical signs of specific the influence of maternal dietary habits is to be 

®*oncy disease are encountered rarely among obtained, suitable samples of the following groups 
ewborn infants. . should be selected: 
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First, married women of child-bearing age. 
These should reflect the dietary habits and nu- 
tritional state of women entering upon the long 
period of special requirements and strain of 
pregnancy and lactation. They reflect especially 
the conditions probably existing during the 
embryonic period, at which time congenital 
defects are, for the most part, in the maldng. 


nutritional deficiency diseases have developed, 
and cspccialb' the incidence of pre-eclampsia, 
pernicious vomiting and anemia. The dietary 
histories and tiie blood levels at this time com- 
pared with those in the first group should indicate 
how successfully women have modified their cus- 
tomary diets in order to meet the exigencies of 
pregnancy. 


Study of 11 cases of severe anemia of pregnancy m relation to maternal mitrition and condition of infani 

at birth 

(From a study of 216 pregnant women and their infants. Harvard School of Public Health series) 



NUMBER 

OP 

CASES 

o n 
o 

*2 ^ 

in 

in- 

pant’s 

LOWXST 

HEMO 

OtOBlN 

1st 

TEAR 

in- 

fant’s 

LOWEST 

R.B.C. 

1st 

YEAR 

XCATERNAL DIETARY RATINGS 

, 

Mean general 

t ' 

Iron 

Proteia 


mmij 

gttiS. 

gms. 

miltipns 




Occurrence of fetal 

D 

S.l 



Poor to very 

Poor 

Very' poor 

death (multiple 





poor 



congenital anoma- 








lies) 








Occurrence of imma- 

1 

6.1 

s.o 

3.15 

Poor to very 

Poor 

Very poor 

ture birth (5-1 to 





poor 



6-8 lbs.) 






i 


Birth of infants with 

3 

3.0 

6.8 

3.91 

Poor to very 

Very poor 7 months* 

Poor 7 

other or question- 





poor 

then hospitalized 

months 

able pathology 


9.1 

9.0 

3.66 

! Fair 

Poor (to very poor) 

Poor 

(condition fair or 


10.2 

1 


Fair 

Fair (to poor) 

Fair 

poor at birth) 



1 .. 





Birth of infants in 

4 

S.8 

m 

4.10 

Fair 

Fair (and med. iron) , 

Good 

good condition 


9.5 

Ira 

4.90 

Fair 

Fair (to poor) 

' Good 

1 

1 

9.5 

11.5 

4.48 

Good or excel- 

Poor 5 months then 

Excellent 






lent 

good 




10.0 

11.0 

4.25 

Fair 

Fair (to poor) and med. 

Poor 







iron 

^ 

Birth of infants in 

2 

8.6 

8.1 

3.97 

Poor to very 

Very poor 

Poor 

excellent condition 





poor 





9.1 

11.0 

4.25 

Fair 

Poor 

Fair 


* This was the only case among these 11 in which pregnancy was later complicated by pre-eclampsia' 

Fig. 16 


Doctor Spies has reported, as have others, on the 
muchhigherincidence of deficiency diseases among 
women, especially among women of child-bearing 
age. We want to be sure that the women of that 
age are not manifesting evidences of nutritional 
deficiencies. 

Second, pregnant women during the last 
trimester of pregnancy. These should reveal 
how pregnant women have weathered the strain 
of pregnancy and in what numbers evidences of 


Third, newborn infants. The usual searc i o 
signs of deficiency disease at this time will he 
unproductive, and laboratory determinations nr 
difficult to interpret. That is a very 
question, which I won’t discuss at this time. J 
histories will not be required if they have e 
taken on the first two groups. The principa i 
of interest at this time are evidences of de cc i 
embryonic and fetal development and o mo 
equate size or amounts of various tissues. 
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Fourth, infants at or about tliree montha of age. 
Evidences of deficiency disease at this time are 
presumptive evidence of deficient nutritional 
state at birth, although a history of feeding einco 
birth must bo taken into account. A study at tliis 
time which measures osseous dovclopnicnt, hcaltli, 
and groa-th progress since birth may still point 
to the infiuence of prenatal occurences. 

Just a word .about further research on this 
general subject. ^Yc believe that the relationships 
between maternal nutrition and the condition 
of the infant at birth have only been touched 
upon thus far and need to bo c.vplorcd very much 
further. Vfc are going ahead with new studies 
approaching the subject from a somchwat differ- 
ent angle. We arc now taking women who develop 
toxemia and babies who are born dead or pre- 
maturely or with congenital defects or who die 
during the early days, and are obtaining dictarj' 
histories from the women concerned. Wc did this 
with some reluctance at first, fearing that it would 
be difficult to secure good histories, but we found 
that these women were interested and that they 
were able to give accounts of their eating h.abits 
which had every indication of being trustworthy, 
even for the period prior to the pregnancy con- 
cerned. TYe are also continuing to analyze the 


material that wc Jiavo at linnd in tho records of 
the series which has thus far been reported in 
part only. 

Wo are planning, when personnel and time be- 
come available, to e.vpand theso studies in a 
number of ways. It is quite clear now that even 
though wo have a great deal of information about 
our cases, our data are incomplete from tho stand- 
point of wJmt wo would like to know. We certainly 
want more detailed search for evidences of mal- 
nutrition in tho mother, including full laboratory 
determinations of her state before and during 
pregnancy. We want gross and microscopic studies 
of tho placenta. Wo want studies of tho cord and 
venous blood of the newborn in relation to the 
findings in the mother. Wo want absorption and 
tolerance tests in the newborn. Wo want thorough 
X-ray studies of tho newborn and histories of 
forebears from the standpoint of information 
about the incidence of congenital defects in 
families. Wo want a complete review of the prog- 
ress and physical findings of the infants at three 
months and at later ages, if possible, in order to- 
be able to assess any evidences of deficiency dis- 
eases from tho standpoint of possible faulty 
storage at tho time of birth. 
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ANNUAL MEETING 

ATLANTIC CITY, MARCH 11, 12, 13, 14, 15, 1946 


The first post-wnr Federation meeting was 
planned to be held in Cleveland but when the ODT 
lifted the ban on convention travel the Ixieal Com- 
mittee found it iiniwssiblc to Eocure requisite 
commitments. Efforts were then made to obtain 
facilities in New York, Chicago, Philadelphia, St. 
Louis and Baltimore. These failed. Arrangements 
were finally made for the meeting' in Atlantic Citj’ 
under the sponsorship of a Philadelphia Local 


Committee. The Local Committee regrets that flic 
c.'cpcnsc of .attending the meeting must be e'ome- 
wlmt higher than heretofore and that the only 
available time is that indicated aliove. • 
Provisional arrangements for the meeting by the 
Local Committee arc given below. Final arrange- 
ments will be published in the program section of 
the ne.vt issue. 


ATLANTIC CITY MEETING 


The Federation will meet in Atlantic City March 
11, 12, 13, 14, 15, 1940. Scientific and business meet- 
ings will be held Tuesday, Wednesday, Thursday 
and Friday. Monday will be devoted to Council and 
Executive Committee meetings and to registration. 

All of the functions will be centralized in the 
Municip.al Convention Hall. This includes Federa- 
tion headquarters, registration, Joint Session, 
section meetings, symposia, motion picture demon- 
strations and smokers. No facilities for static 
demonstrations can be supplied. Programs and 
additional announcements will appear in the 
Alarch issue of Federation Proceedings. 

, Registration will open at 9 A.AI. on Monday, 
Alarch 11, at the Convention Hall. Members of any 
of the constituent societies and interested physi- 
cians, students or ^Yorke^s in biological laboratories 
^3’ register. A registration fee of S2.00 will be 
required. Admittance to the scientific sessions will 
be restricted to those ■who have registered. Pro- 
grams, preprints and tickets to smokers and special 
functions will be on sale at the registration counter. 

Hotel reservations are to be made through the 
Atlantic City Housing Bureau bl' the individuals 
themselves. Blanks for this purpose are being 
distributed through the secretaries of the constitu- 
ent societies and should be filled out and trans- 
tmtted at the earliest time practicable. The Atlan- 
t^ City hotels ■were occupied by the Army when 
ceiling rates ■n-ere installed elsewhere and their 
cc eduled rates now are relatively high. Ho'u ever 
j ® price per person can be kept down by having 

®ur persons occupy two room suites, of ■n'hich a 
WMiderable number are available. The Local Com- 
th been promised the full cooperation of 

nu* Bureau in securing the largest possible 

cr of rooms at the lower end of the rate sche- 


dules. It is important that the first, second and 
third choices be indicated in applying for hotel 
accommodations. 

Motion Pictures. Only 1C mm. safety film can be 
shown. Equipment for sound projection will be 
available. Each film can be shown several times and 
a schedule prepared by the Local Committee will 
be available at the time of the meeting. It is desir- 
able that some one familiar with the film be on hand 
to e.vplain it when it is projected. The Secretary of 
the Local Committee must be notified before 
Februarj- 15, 104C as to the title, authorship, size 
of reel and time of run. Motion pictures cannot be 
shown at the scientific sessions and only those 
officially listed on the program will be projected. 

Informal smokers are planned for Tuesday and 
Thursday evenings. 

Local Committee. This represents the five Phila- 
delphia medical schools, which conjointly are 
sponsoring the Atlantic City meeting. 

A. N. Richards (Penns 3 dvania), chairman; C. F. 
Schmidt (Pennsylvania) secretary; Marion Fay 
(Woman’s); A. Cantarow (Jefferson); A. E. 
Livingston (Temple); J. C. Scott (Hahnemann). 

Communications relative to the program and 
arrangements for the scientific meetings should be 
addressed to Dr. C. F. Schmidt, University of 
Pennsjdvania School of Medicine, Philadelphia 4, 
Pa. Inquiries about hotels, special luncheons and 
dinners and other similar functions should be sent 
directly to Mr. A. H. Skean, Manager Conr-ention 
Bureau, IG Central Pier, Atlantic City, N. J. 

The five medical schools in Philadelphia cordially 
invite their visiting colleagues to arrange to visit 
them when passing through Philadelphia en route' 
to or from the meetings. 'Monday, March 11, and 
Saturday, Alarch 16, are suggested as convenient 
days for this purpose. 
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EXECUTIVE COMMITTEE, 1946 

I'liiLip Bard, Wallace 0. Fenn, The Physio- 
logical Society 

. . Baird Hastings, Arnold K. Balls, The Bio- 
chemical Society 

Eeivin E. Nelson, Raymond N. Bieter, The 
Pharmacological Society 

Balduin Luck^;, H. P. Smith, The Pathological 
Society 

William C. Rose, H. E. Carter, The Institute 
of Nutrition 

Jacques J. Bronfenbrenner, Arthur F. Coca, 
The Association of Immunologists 
Philip Bard, Chairman, Johns Hopkins Medical 
School, Baltimore 5, Md. 

Albert G. Hogan, Ex-Chairman 
D, R. Hooker, Secretary, 19 W. Chase St., Balti- 
more 1, Md. 

STANDING COMMITTEES 

Defence of Biological Research: Elliott C. Cut- 
ler, Chairman; George H. Whipple, Acting 
Chairman; A. B. Luckhardt, C. I. Reed. 
International Congresses: H. S. Gasser, Physiol- 
ogy, Chairman; A. J. Carlson, Physiology; 
D. D. Van Slykb, Biochemistry; E. K. Mar- 
shall, Jr., Pharmacology; Peyton Rous, 
Pathology; L. A. Maynard, Nutrition; J. J, 
Bronfenbrenner, ImmunologjL 
Public Information: D. W. Bronk, Chairman; 

Harry Goldblatt, R. G. Hoskins. 
Placement Service: H. B. Lewis, Director. 
Representatives, Council A.A.A.jS'.; G. Philip 
Ghabfield, Charles G. King. 

Federation Proceedings, Control Committee: Philip 
Bard, Chairman; C. G. King, Arthur P. 
Locke, Morton McCutcheon, C. F. Schaiidt, 
A. H. Smith. 

FORMER EXECUTIVE COMMITTEES 

Philadelphia, Dec, 28-31, 1913 

S. J. Mbltzer, Chairman, and A. J. Carlson, 
Secretary, The Physiological Society. A. B. 
Macallum and P. A. Shaffer, The Biochemical 
Society. T. Sollm.ann and J. Auer, The Pharma- 
cological Society. 

St. Louis, Dec. 27-30, 1914 

G. Lusk, Chairman, and P. A. Shaffer, Secre- 
tary, The Biochemical Society. T. Sollman and 
J. Auer, The Pharmacological Society. R. M. 
Pearce and G. H. Whipple, The Pathological 
Society. W. B. Cannon and A. J. Carlson, The 
Phj'siological Society. 

Boston, Dec. 26-29, 1915 

Torald Sollalann, Chairman, and John Auer, 
Secretary, The Pharmacological Society. Theo- 


'' BALD Smith and J’evton Rou.s, The Pathological 
Society. W. B. Cannon and C. W. Greene, Tlie 
Physiological Society. Walter Jone.s and P. A. 
Shaffer, The Biochemical Society. 

New York, Dec, 27-30, 1916 

SiAioN Flexner, Chairman, and Peyton Rocs, 
Secretary, The Pathological Society. W. B. C.w- 
NON and C. W. Greene, The Physiological So- 
ciety. Walter Jone.s and Stanley R. Benedict, 
The Biochemical Society. Reid Hunt and J. 
Auer, The Pharmacological Society. 

Minneapolis-Rochester, Dec, 27-29, 1917 

Frederic S. Lee, Chairman, and Charles W. 
Greene, Secretary, The Physiological Society. 
Carl L. Alsberg and Stanley R. Benedict, The 
Biochemical Society. Reid Hunt and L. G. 
Rowntree, The Pharmacological Society. Lud- 
vig Hektoen and Howard T. ICarsneh, The 
Pathological Society. 

Baltimore, April 24-26, 1918 

Carl L. Alsberg, Chairman, and Stanley R. 
Benedict, Secretary, The Biochemical 'Society. 
Reid Hunt and E. D. Brown, The Phtymacologi- 
cal Society. H. Gideon Wells and Howard T. 
Karsner, The Pathological Society. Frederic S. 
Lee and Charles W. Greene, The Physiological 
Society. 


Cincinnati, Dec. 29-31, 1919 

A. S. Loe VENH.ART, Chairman, and E. D. Brown, 
Secretary, The Pharmacological Society. W. G. 
MacCalluai and Howlvrd T. Karsner, The Path- 
ological Society. Warren P. Loaibard and 
Charles W. Greene, The Physiological Society. 
Stanley R. Benedict and Victor C. Myers, The 
Biochemical Society. 


Chicago, Dec. 28-30, 1920 

WiLLiAAi H. Park, Chairman, and How'ARD 
Karsner, Secretary, The Pathological Socic y. 
Warren P. Lombard and Charles W. Greei^^ 
The Physiological Society. Stanley R. BenedJ 
and Victor C. Myers, The Biochemical Socio y- 
A. S. Loevenhart and Edgar D. Brown, ® 
Pharmacological Society. 


New Haven, Dec. 28-30, 1921 
. J. R. Macleod, Chairman, and Charles V. 
eene, Secretary, The* Physiological ' 

D. Van Slyke and Victor C. Myers, i 
ichemical Society. C. W. Edaiunds and o 
Brown, The Pharmacological Society. • 

VY and Wade H. Brown, The Pathological 
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Toronto, Doc. 27-20, 1922 

D. B. Vax Si.YKV,, C/mfrn!Oii, and Victou C. 
Mvi:rs, Sccrctarij, The Rioclicmical Society, C. W. 
Edmunds and Edoau D. Buown, The Rliarinaco- 
logical Society. lIowAiin T. Kausnuh and ■Wade 
11. Biiow.v, Tlic P.atholoRical Society. .1. .1. R. 
M.wdeod and Ciiauu'.s W. GmntNi;, The Physio- 
logical Society. 

St. lA>uis, Dec. 27-29, 1923 

C. W. Edmu.nds, Chairman, and Edgau D. 
Brow.n, Sccrciarij, The Pharmacological Society. 
E. L. Opie and Wadi: II. Biiow.v, The Patiiological 
Society. A. J. C.viilso.v .and Ciiaules W. Giieene, 
The PhysioIogic,al Society. Pinur A. SiiAri'En and 
ViCTon C. Myeus, The Biochemical Society. 

Washington, Dec. 29-31, 1921 

Aldred S. Wartiu.v, Chairman, and E. B. 
IvRo.MBHAAR, Sccrclartj, The Pathological Society. 

A. J. C.yRLSo.v and Walter J. Meek, The Physio- 
logic.a! Society. P. A. SnAFEEii and D. Wright 
Wilson, The Biochcmic.al Society. John .Vuer 
and E. D. Brown, The Pharmacological Society. 

Cleveland, Doc. 2S-30, 1923 

A. J. Carlson, Chairman, and Walter J. Meek, 
Secretary, The Physiological Society. II. C. Sher- 
man and D. Wright Wilson, The Biochemical 
Society. John Auer and E. D. Brown, The Phar- 
macological Society. George H. Whipple and E. 

B. Krumbiiaar, The Pathological Societj'. 

Rochester, N. Y., April 14-16, 1927 

E. C. Kendall, Chairman, and F. C. Koch, 
Secretary, The Biochemical Society. John Auer 
and E. D. Brown, The Pharmacological Society. 
V . II. Brown and E. B. Kru.mbhaar, The Patho- 
logical Society. J. Eblanger and W. J. Meek, The 
Physiological Society. 

Ann Arbor, April 12-14, I92S 

Carl Voegtlin, Chairman, and E. D. Brown, 
Secretary, The Pharmacological Society. David 
AIarine and Carl V. Weller, The Pathological 
Society. Joseph Erlanger and Walter J. Meek, 
The Physiological Society. E. V. McCollu.m and 

D. Wright Wilson, The Biochemical Society. 

Boston, Aug. 19-24, 1929 

(The Xllllh International 
^ Physiological Congress) 

B- Kbumbhaar, Chairman, and'CARL 
•.Vi ELLER, Secretary, The Pathological Society. 
osEPH Erl.angeu and Walter J. Meek, The 
t hysiologlcal Society. E. V. McColltoi and D. 
RiGnT Wilson, The Biochemical Society. Carl 


VoKOTLiN and E. D. Brown, The Piiarmacological 
Society. 

Chicago, March 2G-29, 1930 

Walter J. Meek, Chairman, and Alitied C. 
Redi-teld, Secretary, The Physiological Society. 
W. R. Bloor, and Howard B. Lewis, The Bio- 
chemical Society. Carl Voegtlin and E. D. 
Brown, The Pharmacological Society. William 
F. Petersen and Carl V. Weller, Tlic Patho- 
logical Society. 

Montreal, April S-11, 1931 

W. R. Bloor, Chairman, and H. B. JjEwis, 
Secretary, The Biochemical Society. George B. 
Wallace and E. D. Brown, The Pharmacological 
Society. Frederick L. Gates and C. Phillip 
Milleh, Tlie Patiiological Society. Walter J. 
Meek and Arno B. Luckhardt, The Physiological 
Society. 

Philadelphia, April 27-30, 1932 

George B. Wallace, Chairman, and V. E. Hen- 
derson, Secretary, The Pharmacological Society. 
Samuel R. IlATTnoRN and C. Phillip Miller, 
The Pathological Society. Walter J. Meek and 
Arno B. Luckhardt, The Physiological Society. 
H. C. Bradley and Howard B. Lewis, Tlio Bio- 
chemical Society. 

Cincinnati, April 10-12, 1933 

Peyton Rous, Chairman, and C. Phillip Mil- 
ler, Secretary, The Pathological Society. Arno 

B. Luckhardt and Frank C. Mann, The Physio- 
logical Society. H. C. Bradley and Howard B. 
Lewis, The Biochemical Society. Wm, deB.Mac- 
Nidbr and V. E. Henderson, The Pharmacologi- 
cal Society. 

New York, March 28-31, 1934 

Arno B. Luckhardt, Chairman, Frank C. 
Mann, Secretary, and Alexander Forbes, Treas- 
urer, The Physiological Society. W. M. Clark 
and H. A. Mattill, The Biochemical Society. 
W. deB. MacNider and V. E. Henderson, The 
Pharmacological Society. Carl V. Weller and 

C. Phillip Miller, The Pathological Society. 

Detroit, April 10-13, 1935 

W. M. Clark, Chairman, H. A. Mattill, Secre- 
tary, and C. H. Fiskb, Treasurer, the Biochem- 
ical Society. Charles W. Greene and Frank 
C. Mann, The Physiological Society. R. A. 
Hatcher and E. M. K. Geilind, The Pharmaco- 
logical Society. S. Burt Wolbach and Shields 
Warren, The Pathological Society. 

Washington, March 25-28, 1936 

V. E. Henderson, Chairman, E. M. K. Ceiling, 
Secretary, and C. M. Gruber, Treasurer, The 
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Pharmacological Society. Frank C. Mann and 
Andrew C. Ivy, The Physiological Society. li, 
B. Lewis and H. A. Mattidl, The Biochemical 
Society. Oskar Klotz and Shields Warren, 
The Pathological Society. 

Memphis, April 21-24, 1937 

Alphonse R. Dochez, Chairman, and Shields 
Warren, The Pathological Society. Frank C. 
Mann and Andrew C. Ivy, The Physiological 
Society. Howard B. Lewis and H. A. Mattill, 
The Biochemical Society. V. E. Henderson and 
E. M. K. Geiling, The Pharmacological Society. 
D. R. Hooker, Secretary. 

Baltimore, March 30-ApriI 2, 1938 

William T. Porter, Honorary President; 
Walter E. Garret, Chairman, and Andrew C. 
Ivy., The Physiological Society. Glenn E. Cul- 
len and H. A. Mattill, The Biochemical Society. 
Arthur L. Tatum and G. Philip Grabfield, The 
Pharmacological Society. C. Phillip Miller and 
Paul R. Cannon, The Pathological Society. D. 
R. Hooker, Secretary. 

Toronto, April 2&-29, 1939 

Glenn E. Cullen, Chairman, and Charles G. 
King, The Biochemical Society. Arthur L. 
Tatum and G. Philip Grabfield, The Pharmaco- 
logical Society. C. Phillip Miller and Paul R. 
Cannon, The Pathological Society. Walter E. 
Garret and Andrew C. Ivy, The Physiological 
Society. D. R. Hooker, Secretary. 

New Orleans, March 13-16, 1940 

E. M. K. Geiling, Chairman, and G. Philip 
Grabfield, The Pharmacological Society. Ernest 
W. Goodpasture and Paul R. Cannon, The 
Pathological Society. Andrew. C. Ivy and Philip 


Bard, The Physiological SocietjL William C. 
Rose and Charles G. Kino, The Biochemical 
Society, D, R. Hooker, Secretary. 

Chicago, April 15-19, 1941 

Shields Warren, Chairman, and H. P. S.mith, 
The Pathological Society. Thorne M. Carpenter 
and L. A. Maynard, The Institute of Nutrition. 
Andrew C. Ivy and Philip Bard, The Physiologi- 
cal Society. William C. Rose and Charles G. 
King, The Biochemical Society. E. M. K. Geiling 
and G. Philip Grabfield, The Pharmacological 
Society. D, R. Hooker, Secretary. 

Boston, March 31, April 1, 2, 3, 4, 1942 

Albert G. Hogan, Chairman, and Arthur H. 
Smith, The Institute of Nutrition. Philip Bat® 
and Carl J. Wiggers, The Physiological Society. 
Rudolph J. Anderson and Arnold K. Balls, 
The Biochemical Society. E. M. K. Geiling and 
R. N. Bieter, The Pharmacological Society. 
Jesse L. Bollman and H. P. Smith, The Patho- 
logical Society. Shields Warren, Ex-Chairman. 
D. R. Hooker, Secretary. 

1943, 1944, 1945: The meetings scheduled for 
Cleveland were cancelled because of war 
conditions 

Philip Bard, Chairman, and Wallace 0. Fenn, 
The Physiological Society. E. A. Doisr and 
Arnold K. Balls, The Biochemical Society. E- 
K. Marshall, Jr. and Rayaiond N. Bieter, The 
Pharmacological Society. Balduin Luck^ and 
H. P. Smith, The Pathological Society. Leonard 
A. Maynard and Arthur H. Smith, The Institute 
of Nutrition. Jacques J. Bronfenbhenner ana 
Arthur F. Coca, The Association of Immunol- 
ogists, 
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BY-LAWS 

Adopted at the Washington Meeting, 19S6 and 
amended at the Boston Meeting, 194£ 

1. The Presidents and Secretaries of the Con- 
stituent Societies, the Chairman of the E.vecutive 
Committee of the preceding year and the Federa- 
tion Secretary shall form the Executive Com- 
mittee of the Federation. 

2. The Chairmanship of the Executive Com- 
mittee shall be held in turn by the Presidents of 
the Constituent Societies, who shall succeed one 
another annual!}' in the order of seniority of the 
Societies. 

3. The Executive Committee shall appoint 
•Annually from the membership of the Federation 


a secretary-treasurer, to be known as the Federa 
tion Secretary. 

4. The Federation Secretary shall: (a) 
the minutes of the Executive Committee and dis 
tribute copies to the Secretaries of the Constituen 
Societies, (b) Make arrangements for the Annua^ 
Meeting with the Local Committee, with 
proval of the Executive Committee, (c) ? 

convenient combined form and distribute 
membership of the Federation the programs o 
Constituent Societies as received frorh ^ 
spective Secretaries, (d) Undertake sue ^ o 
duties, to be decided upon from time 
the Executive Committee, as do not ^ . 

the complete autonomy of the Cons i 
Societies. 
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5. The Executive Committee shell control all 
monies in the hands of the Foderatiou Secretary, 
who shall make an annual report to the Executive 
Committee for audit and approval. Tlio expenses 
of the Federation Secretary, a.s authorized by the 
Executive Committee, shall bo the first charge 
on such monies and if insufiicient for the 
purpose the Executive Committee shall prorate 
such expenses to the Constituent Societies of the 
Federation in projiortion to their respective mem- 
berships. 

The Executive Committee may appropriate 
Federation monies annually for the uses of Local 
Committees and for the uses of other authorized 
Committees but in the latter cases an audit of 
expenditures sh.all be made and approved before 
such committees are discharged. 

G. The. Executive Committee shall determine 
the place of the Annual Meeting, and the time shall 
be determined by thcLoc.al Committee, preferably 
within the period of March fifteenth to May first. 

7. The local Committee at the place of meeting 
of the Federation shall charge such fee for registra- 
tion as may be approved by the Executive Com- 

, nuttee. The monies thus collected shall be used 
to defray the expenses of the Local Committee 
and the remainder, after such expenses have been 
met, shall be turned over to the Federation Sec- 
retary. 

8. The Executive Committee shall consider 
measures of advantage to the Federation as a 
whole. Any Constituent Society may refer simi- 
lar measures to the Executive Committee. No 
action, however, shall be taken by the Executive 
Committee unless specifically authorized by all 
the Constituent Societies. 

9- The Chairman of the E.xecutive Committee 
may appoint committees when the purposes of 
such committees have been approved bj' all the 
Constituent Societies of the Federation. Such 
aonunittees shall be appointed for a term of one 
jear, but may be continued and their members 
reappointed. Such committees shall report in 
Writing to the Executive Committee, w’hich shall 
m turn report thereon to the Constituent Societies 
either for information or recommendation. The 
Secretaries of the Constituent Societies shall 
report the recommendations of their respective 
Societies to the Executive Committee for final 
notion. 

IG. All individuals whose names appear on the 
program by invitation or introduction and those 
registering from any recognized biological labora- 
enrolled as Associate Members of the 
'e Oration for that Annual Aleeting. Such Asso- 


ciate Members may enjoy all the privileges of the 
Annual Meeting e.xccpt that of voting. 

11. No person may present orally more than oho 
paper during all of the scientific sessions of tho 
Constituent Societies at the time of the Annual 
Meeting e.xccpt upon invitation of tlio E.xccutivo 
Committee or a Council, Papers must bo sub- 
mitted to the Secretary of tlio Society of which tho 
proposer is a member. Tho proposer may request 
transfer to another program, but this may only 
be done with tho consent of tho Secretary of tho 
Society concerned. Any Secretary' who regards any' 
paper submitted to him as better suited to the 
program of another Society may arrange this 
transfer with the Secretary of tho Society con- 
cerned, if it bo possible. Such transfer shall bo 
indicated on tho program. 

12. Abstracts not to exceed two hundred and 
fifty' words in length, of papers approved for 
presentation at all of the scientific sessions of all 
the Constituent Societies at the Annual Meeting, 
shall receive publication in the Federation Pro- 
ceedings. 

13. A Control Committee, consisting of at least 
one representative of each Constituent Society as 
designated by the several Councils, shall have 
editorial control over tho Federation Proceedings 
which shall be financed as required by an annual 
assessment of all the members of each Constituent 
Society. 

14. The Control Committee shall have power to 
choose certain additional papers presented at 
the Annual Meetings and from other sources, in- 
cluding material heretofore published in the 
Federation Yearbook, for publication in the 
Federation Proceedings. 

PLACEMENT SERVICE 

The Federation maintains a service to act as a 
medium of communication between persons seek- 
ing positions for teaching or research and institu- 
tions that wish to fill vacancies in these sciences. 

The service does not undertake to recommend 
or to pass judgment upon applicants. It aims 
merely to serve as a clearing-house for such infor- 
mation as above stated and to bring into touch 
with one another candidates for positions and 
vacancies to be filled. 

Persons, whether members of the Federation or 
not, and institutions desiring to avail themselves 
of the service, may receive such information as is 
available without cost to the applicant. 

All communications should be addressed to Dr. 
H. B. Lewis, Director, University of Michigan, 
Ann Arbor, Mich. 
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THE AMERICAN PHYSIOLOGICAL SOCIETY 

Founded December SO, 1887; Incorporaied June 2, lOS^ 


OFFICERS ELECTED 1942 

President — Philip Ba.rd, Johns Hopkins School 
of Medicine, Baltimore, Md. 

Secretary — ^Wallace 0. Fenn, University of 
Rochester, School of Medicine and Dentistry, 
Rochester, N. Y. 

Treasurer — Hallowell Davis, Harvard Uni- 
versity School of Medicine, Boston, Mass. 

Council — Philip Bard, Wallace 0. Fenn, 
Hallowell Davis, Charles H. Best, University 
of Toronto, Canada, Maurice B. Visscher, Uni- 
versity of Minnesota, Minneapolis, Hiram E. 
Essex, Mayo Foundation, Rochester, Minn., W. 
F. Hamilton, University of Georgia, Augusta. 

Board of Publication Trustees — Andrew C. 
Ivy, Chairman (1943-46), Homer W. Smith 
(1944-47), Frank C. Mann (1945-48). 

Representative on the Division of Biology and 
Agriculture of the National Research Council — 
Francis 0. Schmitt (1945-48). 

Representative on the Division of Medical Sciences 
of the National Research Council — H. C. Bazett 
(1944-1947). 

Historian — ^Walter J. Meek. 

PAST OFFICERS 

Organization Meeting, December 30, 1887 
S. Weir Mitchell, President 
H. N. Martin, Secretary 

1888 H. P. Bowditch, President; H. N. Martin, 
Secretary-Treasurer; J. G. Curtis, H. C. Wood, 
H. Sew ALL, Councilors. 1889 S. Weir Mitchell, 
President; H. N. Martin, Secretary -Treasurer; 
H. P. Bowditch, J. G. Curtis, H. C. Woods, 
Councilors. 1890 S. Weir Mitchell, President; 
H. N. Martin, Secretary -Treasurer; H. P. Bow- 
ditch, J. G. Curtis, H. H. Donaldson, Counci- 
lors. 1891 H. P. Bowditch, President; H. N. 
Martin, Secretary -Treasurer; R. H. Chittenden, 
J. G. Curtis, H. N. Donaldson, Councilors. 
1892 H. P. Bowditch, President; H. N. Martin, 
Secretary-Treasurer; R. H. Chittenden, J. G. 
Curtis, W. H. Howell, Councilors. 1893 H. P. 
Bowditch, President; W. P. Lombard, Secretary- 
Treasurer; R. H. Chittenden, J. G. Curtis, 
W. H. Howell, Councilors. 1894 H. P. Bow- 
ditch, President; W. P. Lombard, Secretary- 
Treasurer; R. H. Chittenden, W. H. Howell, 
J. W. Warren, Councilors. 1893 H. P. Bowditch, 
President; F. S. Lee, Secretary-Treasurer; R. H. 
Chittenden, W. H. Howell, W. P. Lojibard, 
Councilors. 1896 R. H. Chittenden, President; 
F. S. Lee, Secretary-Treasurer; H. P. Bowditch, 
W. H. Howell, J, W. Warren, Councilors. 1897 
R. H. Chittenden, President; F. S. Lee, Secre- 


tary-Treasurer; H. P. Bowditch, W. H. Howell, 
W. P. JjOMbard, Councilors. 1898 R. H. Cihtten'- 
den. President; F. S. Lee, Secretary-Treasurer; 
H. P. Bowditch, W. H. Howell, W. P. Lombard, 
Councilors. 1899 R. H. Chittenden, President; 
F. S. Lee, Secretary -Treasurer; W. H. Howell, 
W. P. Lombard, W. T. Porter, Councilors. 1900 
R. H. Chittenden, President; F. S. Lee, Secre- 
tary-Treasurer; W. H. Howell, W. P. Lombard, 
W. T. Porter, Councilors. 1901 R. H. Chitten- 
den, President; F. S. Lee, Secretary-Treasurer; 
W. H. PIowELL, W. P. Lombard, W. T. Porter, 
Councilors. 1902 R. H. Chittenden, President; 
F. S. Lee, Secretary-Treasurer; W. H. Howell, 
W. P. LOiMB.ARD, W. T. Porter, Councilors. 1903 
R. H. Chittenden, President; F. S. Lee, Secre- 
tary-Treasurer; W. H. Howell, W. P. Lombard, 
W. T. Porter, Councilors. 1904 R. H. Chitten- 
den, President; W. T. Porter, Secretary- 
Treasurer; F. S. Lee,' W. P. Lombard, W. H. 
Howell, Councilors. 1905 W. H. How'ELL, 
President; L. B. Mendel, Secretary; W. B. 
Cannon, Treasurer; R. H. Chittenden, S. J- 
Meltzer, Councilors. 1906 W. H. Howell, 
President; L. B, Mendel, Secretary; W. B. Can- 
non, Treasurer; A. B. Macallum, S. J. Meltzer, 
Councilors. 1907 W. H. Howell, President; 
L. B. Mendel, Secretary; W. B. Cannon, Treas- 
urer; J. J. Abel, G. Lusk, Councilors. 1908 W. 
H. Howell, President; R. Hunt, Secretary; 
W. B. Cannon, Treasurer; J. J. Abel, G. Lusk, 
Councilors. 1909 W. H. Hoavell, President; 
R. Hunt, Secretary; W. B. Cannon, Treasurer; 
A. J. Carlson, W. P. Lombard, Councilors. 
1910 W. H. Howell, President; A. J. Carlso-V, 
Secretary; W. B. Cannon, Treasurer; J- 
LANGER, F. S. Lee, Councilors. 1911 S. J. Melt- 
ZBR, President; A. J. Carlson, Secretary; W. B. 
Cannon, Treasurer; J. Erlanger, F. S. Lee, 
Councilors. 1912 S. J. Meltzer, President; A. 
J. Carlson, Secretary ; W. B. C.annon, Treasurer, 
J. Erlanger, F. S. Lee, Councilors. 1913 S. • 
Meltzer, President; A. J. Carlson, Secretary, 
J. Erlanger, .Treasurer; W. B. Cannon, F. • 
Lee, Councilors. 1914 W. B. Cannon, President; 
A. J. Carlson, Secretary; J. Erlanger, 
urer; F. S. Lee, .S. J. Meltzer, Councilors. 19^ 
W. B, Cannon, President; C. W; Greene, Score 
tary; J. Erlanger, Treasurer; W. E. Garrei, 
W. H. Howell, J. J. R. Macleod, W. J. Meek, 
Cohricilors. 1916 W. B. Cannon, President; O. 
W. Greene, Secretary; J. Erlanger, Treasurer, 
W. E. Garret, W. H. Howell, J. J. R. Macleod, 
W. J. Meek, Councilors. 1917 F. S. Lee, rest 
dent; C. W. Greene, Secretary; J. Erlange , 
Treasurer; W. B. Cannon, W. H. Howell, J. J- 
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U.Macleod, W. AIekk, Comiriloi?;. 1!)1S F. S. 
Lee, President; C. W. Guv.r.Ni;, iiocrotnr.v; .1. 
Ep.LAXanu, Trensnror; V>. H. Cannon, \V. If. 
lIoivKLi., J. J. K. Maci.eop, \V. Mi;i:k, Cotm- 
cilors. 1919 W. V. Lomhaud, I’ro.sideiit ; C, W. 
GnEENC, Soerctnry; .1. Imilanoeii, TrciiKurer; 
W. 11. Can.non, Y. 1Ii:ndi;i!son, J. .1. H. MACi.):on, 
,1V. J. Meek, Coiincilons. 1920 IV. P. LoMnAiin, 
President; C. IV. Giii;i;ne, Secretary; .1. Eu- 
LANCER, Treasurer; IV. B. Cannon, J. .7. U. 
Macleod, Y. ]Ii:NnEi(.«ON, C. J. IVigoer.s, Coun- 
cilors. 1921 J. J. K. M.\cu;od, President, C. W. 
Greene, Secretary; ,1. Ereanger, Treasurer; J. 
A. E. Evster, Y. llENnERso.N, C. J. IViggers, A. 
J. Carlson, Councilors. 1922 J. J, II. Macleod, 
President; C. W. Greene, Secretary; .1. En- 
lancer, Treasurer; A'. HENnERso.v, C. J. IVio- 
gebs, a. j. Carlson, J. A. E. Eyster, Coun- 
cilors. 1923 A. J. Carlson, President; C. W. 
Greene, Secretary; J. Erl.ancer, Treasurer; 
C. J. IViggers, A. B. Luckiiardt, J. A. E. Evster, 
j. R. AIurlin, Councilors. 192-1 .-V. J. Carlson, 
President; W. J. Meek, Secretary; C. K. Drinker, 
Treasurer; A. B. Luckiiardt, J. .-V. E. Evster, 
J. R'. Murlin, IV. E. Garrev, Councilors. 1923 
A. J. C.ARLsoN, President; IV. J. Meek, Secretary; 
G.K. Drinker, Treasurer; J. A. E. Evster, J. R. 

. Mcbun, W. E. Garrev, JosEni Erlanger, 
Councilors. 1926 J. Erlanger, President; W. J. 
Meek, Secretary; A. Forges, Treasurer; J. R. 
Murlin, IV. E. G.arrey, A. B. Luckiiardt, C. J. 

■ IViggers, Councilors'. 1927 J. Erlanger, Presi- 
dent; IV. J. Meek, Secretary; .A. Forbes, Treas- 
urer; IV. E. Garrea', A. B. Luckiiardt, C. J. 
lliGGERS, R. Gesele, Couiicilors. 1928 J. Er- 
l.vnger, President; IV. J. Meek, Secretary; A. 
PoHBEs, Treasurer; A. B. Luckkabdt, C. J. 
lliCGERs, R. Geselu, A. J. Carlson, Councilors. 
1929 IV. J. Meek, President ; Alfred C. Rcdfibld, 
Secretary; A. Forbes, Treasurer; C. J. IViggers, 
R. Gesell, a. j. C.ARLSON, J. R. Murlin, Coun- 
cilors. 1930 IV. J. AIbbk, President; Ar.vo B. 
Luckhardt, Secretary; A. Forbes, Treasurer; 
R- Gesell, A. J. Carlson, J. R. Murlin, E. G. 
Martin, Councilors. 1931 IV. J. AIeek, Presi- 
dent; Arno B. Luckhabdt, Secretarj"; Alex.andeb 
Forbes, Treasurer; A. J. Carlson, J. R. AIurlin, 
E. G. AIartin, John Tait, Councilors. 1932 
Arno B. Luckhardt, President; Frank C. Mann, 
^ecretary; Alexander Forbes, Treasurer; E. G. 
p Meek, J. R. AIukli.n, John Tait, 

Councilors. 1933 Arno B. Luckhardt, President; 
S-iNK C. Mann, Secretary; Alexander Forbes, 
reasurer; Herbert S. Gasser, Ernest G. AIar- 
IV. J. Meek, John Tait, Councilors. 1934 
^harles W. Greene, President; Frank C. 
* '^nn, Secretary; Alexander Forbes, Treasurer; 
erbert S. Gasser, Arno B. Luckh.ardt, IV. J. 
■ -«ek, John Tait, Councilors. 1935 Frank C. 


Mann, Picsiclont; Andreiv C. Ivv, Secretary; 
Alexander Foiihf.s, Treasurer; Charles II. 
Best, llr.iinEUT S. Gasser, Arno B. Ll’ckiiardt, 
W. J. Meek, Councilors. 1936 Frank C. Mann 
President; Andreu' C. Ivv, Secretary; Wai.lace 
O. I'enn, Treasurer; Charles II. Best, Philip 
Bard, Herbert S. Gasser, Arno B. Luckhardt, 
Councilors. 1937 Walter E. Garrev, President; 
.-Vnduew C. Ivv, Secretary; Wallace 0. Fenn, 
Treasurer; Charles II. Best, Philip Bard, 
HkrdeutS. Gasser, Arno B, Luckiiardt, Coun- 
cilors. 1938 William T, Porter, Honorary Pres- 
ident; Walter E. Garrev, President; Andrew 
C. Ivv, Secretary; Wallace 0. Fenn, Treasurer; 
Arno B. Luckiiardt, Charles H. Best, Philip 
Bard, Herrert S. Gasser, Councilors. 1939 
Andrew C. Ivy, President; Philip Bard, Secre- 
tary; Wallace O. Fenn, Treasurer; Charles H. 
Best, Herdert S. Gasser, Arno B. Luckiiardt, 
Maurice B. Visscher, Councilors. 1940 Andrew 
C. Ivv, President; Philip Bard, Secretary; Carl 
J. WiGOERS, Treasurer; Charles H. Best, 
Herbert S. Gasser, Arno B, Luckhardt, 
Maurice B. Visscher, Councilors. 1941 Philip 
Bard, President; Carl J. Wiggers, Secretary; 
Hallowell Davis, Treasurer; Charles H. Best, 
Arno B. Luckiiardt, Maurice B. Visscher, 
Hira.m E. Esse.x, Councilors. 19-12, 1943, 1944 
Philip Bard. President; Wallace 0. Fenn, 
Secretary; H.illowell Davis, Treasurer; 
Charles H. Best, Maurice B. Visscher, Hira.m 
E. Esse.x, W. F. Hamilton, Councilors. 

CONSTITUTION 

I 

1. This Society shall be named “The Americ.vn 
Physiological Society.” 

2. The Society is instituted to promote the 
advance of Physiology and to facilitate personal 
intercourse between American Physiologists. 

ir 

1. The Society shall consist of ordinary and of 
honorary members. 

2. Any person who has conducted and published 
original researches in Physiology, and who is a 
resident of North America, shall be eligible for 
election as an ordinary member of the Society. 

3. Distinguished men of science who have con- 
tributed to the advance of Physiology shall be 
elgible for election as honorary members of the- 
Society. Honorary members shall pay no member- 
ship fee. They shall have the right of attending 
the meetings of the Society, and of taking part 
in its scientific discussions, but they shall have no 
vote. 
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III 

1. The management of the Society shall be 
vested in a Council consisting of the President, 
Secretary, Treasurer, and four other members to 
be ehosen from the ordinary members by ballot 
at each annual meeting. The President, Secretary, 
and Treasurer shall be elected for one year. The 
President shall be subject to only one reelcction. 
The four additional members of the Council shall 
be elected for a term of four years, and the term 
of office of one of these councilors shall expire at 
the close of each annual meeting. He or she shall 
not be eligible for reelection for a period of two 
years. 

2. The Council shall have power to fill such va- 
cancies as may occur in its membership or in 
any committee of the Society unless the vacancy 
is produced by a resignation presented at a 
meeting. 

IV 

1. At least a fortnight before the annual meeting 
the Secretary shall send to each member a notice 
of the place and time of each meeting, and shall 
make such other announcements as the Council 
shall direct. 

2. The annual assessment shall be determined 
by the Council, and shall be due in advance at 
the time of the annual meeting. Beyond the 
ordinary expenditures required by the duties of 
the Secretary and Treasurer, no money of the 
Society shall be disbursed save by authority of the 
Council. 

• 3. Any member whose assessment is two years 
in arrears shall cease to be a member of the 
Society, unless at the next annual meeting he shall 
be reinstated by special vote of the Society; and 
it shall be the duty of the Treasurer to inform the 
Secretary that he may notify the said delinquent 
of his right to appeal to said meeting. 

4. Any member who has paid the annual assess- 
ment for thirty years, or who has attained the age 
of sixty-five years, or who has retired because of 
illness, may be relieved from the payment of the 
annual assessment. 


V 

1. The annual meeting of the Society shall be 
held at a time and place determined by the Council 
in consultation with the Executive Committee of 
the Federation of American Societies for Experi- 
mental Biology. 

2. Special meetings may be held at such times 
and places as the Council may determine. 

VI 

1 . Proposed changes in the Constitution must be 
sent in writing to the Secretary at least one month 
before the date of the meeting at which they are 


to bo considered, and must be signed by at least 
three ordinary members. The Secretary shall send 
a. printed copy of any proposed change to each 
ordinary member at least two weeks before the 
next meeting, 

2, If at this meeting two-thirds of the votes cast 
shall favor the proposed change, it shall be made. 

3. At all annual meetings of the Society ten or- 
dinary members shall form a quorum for the 
transaction of business. 


VII 

1. The Council may, from the names of the can- 
didates proposed in writing by at least two 
ordinary members of the Society, nominate 
candidates for election to ordinary membership. 
The names of the candidates so nominated, to- 
gether with the names of their proposers and a 
statement of their qualifications for membership, 
shall be posted on a bulletin board at an annual 
meeting of the Society. The candidates may be 
balloted for at any session of the same meeting, 
and one black ball in eight shall exclude. 

2. Honorary members shall be proposed by the 
Council, and shall be elected by ballot of the 
members present at an annual meeting and one 
negative vote in twenty shall exclude. 


VIII 

If a majority' of the Council shall decide that 
the interests of the Society require the expulsion 
of a member, the Secretary shall send a notice 
of this decision to each ordinary member at lenst 
two weeks before the next annual meeting- At 
this meeting the Secretary shall, on behalf of the 
Council, propose the expulsion; and if two-thirds 
of the members present vote for it, the member 
shall be expelled, his assessment for the curren 
year shall be returned to him, and he shall cease 
to be a member of the Society. 


IX 

1. The official organs of the Society shall be the 
American Journal of Physiology and such ot or 
Journals as the Society shall from time to time 
establish. These the Society shall own and mana^- 

2. The management of the Journals shall e 
vested in the Council. The Council shall ma 'C 
a full report to the Society at each annual inceting 
of the financial condition and the publication 
policy of the Journals. 

BY-LAWS 

1. All papers read before the Society' 
limited to a length of ten minutes. No person 
orally present more than one paper. In ^ 
joint authorship the name of the indivi ua 
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vrill orally present the paper shall stand first. 

2. Abstracts in duplicate, not to exceed two- 
hundred and fifty words in lenRth, of all papers 
to be presented at the Annual Meeting of the 
Society shall bo required by the Secretary for 
publication in the Federation Proceedings, in ac- 
cordance with rules approved by the Council. 

3. The Council may, upon the request of ten 
ordinary members, call a special meeting of the 
Society, at any time and place, for the reading of 
papers and the promotion of personal intercourse. 
Such meetings shall bo held in accordance with the 


Constitution and By-Laws of the Society; and if 
the regular officers of the Society arc not present, 
the members in attendance shall elect a temporary 
Chairman and Secretary. The latter officer shall 
forward an account of the scientific proceedings 
of the meeting to the ofiical Secretary of the So- 
ciety for insertion in the minutes; ho shall also 
prepare and transmit to the official Secretary 
such abstracts of papers read ns may be furnished 
him, and these abstracts shall bo published in 
the Federation Proceedings in accordance with 
By-Law 2. 


THE AiMERICAN SOCIETY OF BIOLOGICAL CHEMISTS, INCORPORATED 

Foimdcd December G, 1906; Incorporated September IS, 1919 


OFFICERS ELECTED 1945 

President — A. B. H.asti.vgs, H.ar\’ard Mcdic.al 
School, Boston 15, Mass. 

Vice-President — H. T. Cr.AnKR, 030 W. IGSth 
St., Few York 32, N. Y'. 

Sccrctary—A. K. Balls, U. S. Bureau of Agri- 
cultural and Industrial Chemistry, Western 
Regional Research Laboratory, Albany C, Cali- 
fornia. 

Treasurer— W. C. Stadie, Malone 3 ' Clinic, 
Universitj* of " Pennsj’lvania, Philadelphia, Pa. 

Couneilors-at-largc — R. J. Akderson, Sterling 
Laboratory, Yale University, New Haven, Conn.; 
C. F. CoRi, Washington Univ. School of Medicine, 
St. Louis, AIo.; V. DO ViGNEATJD, Cornell Uni- 
versitj’ Aledical College, New Y'ork City 21. 

l^ominaiing Committee — C. A. Elvehjem, Chair- 
man, W. C. Rose, E. A. Evans, C. G. King, D. D. 
Y’’an Sltke, E. G.Ball, M. Heidelbergek, J. M. 
Luck, R. R. Willi.ams. 

PAST OFFICERS 

1907 Russell H. Chittenden, President; J. J. 
Abel, Vice-President; W.* J. Gies, Secretary; L. 
B. Mendel, Treasurer; W. Jones, W. Koch, J. 
Marshall, T. B. Osborne, Councilors. 1908 
John J. Abel, President; Otto Folin, Vice-Pres- 
ident; Wm. j. Gibs, Secretary; L. B. Mendel, 
Treasurer; A. B. AIacallum, A. P. A'Iathews, 
B. G. Now, Councilors. 1909 Otto Folin, 
President; T. B. Osbobne, Vice-President; Wm. 

• Gies, Secretary; L. B. Mendel, Treasurer; 

• J. Abel, P. A. Levbne, G. Lusk, Councilors. 
1910 Thomas B. Osborne, President; L. B. Men- 

Vice-President; A. N. Richards, Secretary; 
alter Jones, Treasurer; A. B. Malcallum, A. 

• I Iathews, V. C. Vaughan, Councilors. 1911 
apayette B. Mendel, President; A. B. Macal- 
UM, Vice-President; A. N. Richards, Secretary; 

alter Jones, Treasurer; Wm. J. Gies, A. S. 


Loeveniiart, P. a. Siiapfer, Councilors. 1912 
Archibald B. Macallum, President; G. Lusk, 
Vice-President; A. N. RicHAnns, Secretary; 
Walter Jones, Treasurer; H. P. Armsbt, L. B. 
Mendel, H. G. Wells, Councilors. 1913 Archit 
BALD B. Macallum, President; G. Lusk, Vice- 
President; P. A. Shaffer, Secretary; D. D. Van 
Sltke, Treasurer; H. P. Armsby, L. B. Mendel, 
ri. G. YVells, Councilors. 1914 Graham Lusk, 
President; C. L. Alsberg, Vice-President; P. A. 
Shaffer, Secretary; D. D. Van Slyke, Treasurer; 
J. J. Abel, A. B. Macallum, T. B. Osborne, 
Councilors. 1915 Walter Jones, President; C. 
L. Alsberg, Vice-President; P. A. Shaepfer, 
Secretary; D. D. Van Slyke, Treasurer; Otto 
Folin, G. Lusk, L. B. Mendel, Councilors. 191G 
Walter Jones, President; F. P. Underhill, 
Vice-President; S. R. Benedict, Secretary; D. D. 
Van Slyke, Treasurer; Otto Folin, A. B. IMacal- 
lum, P. a. Shaffer, Councilors. 1917 Carl L. 
Alsberg, President; A. P, Mathews, Vice- 
President; S. R. Benedict, Secretary; H. C. 
Bradley, Treasurer; L. J. Henderson, P. A. 
Shaffer, F. P. Underhill, Councilors. 1918 
Carl L. Alsberg, President; A. P. Mathews,' 
Vice-President; S. R. Benedict, Secretary; H. C. 
Bradley, Treasurer; W. J. Gies, Andrew 
Hunter, E. V. McCollum, Councilors. 1919 
Stanley R. Benedict, President; D. D. Van 
Slyke. Vice-President; V. C. Myers, Secretary; 
H. C. Bradley, Treasurer; Andrew Hunter, E. 
V. McCollum, L. B. Mendel, Councilors. 1920 
Stanley R. Benedict, President; D'. D. Van 
Slyke, Vice-President; V. C. Myers, Secretary; 
H. G. Bradley, Treasurer; Otto Folin, Walter 
Jones, L. B. Mendel, Councilors. 1921 Donald 
D. Van Slyke, President; P. A. Shaffer, Vice- 
President; V. C. Myers, Secretary; H. C. Brad- 
ley, Treasurer; S. R. Benedict, Otto Folin 
WX fcTBR Jones, Councilors. 1922 Donald d! 
Van Slyke, President; P. A. Shaffer, Vice- 
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President; V. C. Myers, Secretary; W. R. Bloor, 
Treasurer; S. R. Benedict, H. C. Bradley, A. P. 
Mathews, Councilors. 1923 Philip A. Shaffer, 
President; H. C. Sherman, Vice-President; V. C. 
Myers, Secretary; W. R. Bloor, Treasurer; H. 
C. Bradley, Andrew Hunter, A. P. Mathews, 
Councilors. 1924 Philip A. Shaffer, President; 
Henry C. Sherman, Vice-President; D. Wright 
Wilson, Secretary ; Walter R. Bloor, Treasurer; 
Otto Folin, Andrew Hunter, Victor C. Myers, 
Councilors. 1925 Henry C. Sherman, President; 
Edward C. Kendall, Vice-President; D. Wright 
Wilson, Secretary ; Walter R. Bloor, Treasurer; 
Otto Folin, Lafayette B. Mendel, Philip A. 
Shaffer, Councilors . 1926 Edward C . Kendall, 
President; Elmer V. McCollum, Vice-President; 
Fred C, Koch, Secretary; Glenn E. Cullen, 
Treasurer; J. B. Collip, Edward A. Doisy, 
Albert P. Mathews, Councilors. 1927 E. V. 
MpCoLLUM, President; W. R. Bloor, Vice-Presi- 
dent; D. Wright Wilson, Secretary; G. E. Cul- 
len, Treasurer; E. A. Doisy, F. C. Koch, D. D. 
Van Slykb, Councilors. 1928 E. V. 'McCollum, 
President; W. R. Bloor, Vice-President; D. 
Wright Wilson, Secretary; G. E. Cullen, 
Treasurer; Wm. M. Clark, F. C. Koch, D. D. 
Van Slyke, Councilors. 1929 W. R. Bloor, 
President; H. C. Bradley, Vice-President; H. B. 
Lewis, Secretary; G. E. Cullen, Treasurer; W. 
M. Clark, C. L. A. Schmidt, P. A. Shaffer, 
Councilors. 1930 W. R. Bloor, President; H. C. 
Bradley, Vice-President; H. B. Lewis, Secretary; 

G. 1^. Cullen, Treasurer; W. M. Clark, P. A. 
Shaffer, D. W. Wilson, Councilors. 1931 H. C. 
BRADLEYf President; W. M. Clark, Vice-Presi- 
dent; H. B. Lewis, Secretary; C. H. Fiske, 
Treasurer; W. C. Rose, P. A. Shaffer, D. W. 
Wilson, Councilors. 1932 H. C. Bradley, Presi- 
dent; W. M. Clark, Vice-President; H. B. Lewis, 
Secretary; C. H. Fiske, Treasurer; P. E. Howe, 
W. C. Rose, D. W. Wilson, Councilors, 1933 
W. M. Clark, President; H. B. Lewis, Vice-Presi- 
dent; H. a. Mattill, Secretary; C. H. Fiske, 
Treasurer; H. C. Bradley, P. E. Howe, W. C. 
Rose, Councilors. 1934 W. M. Clark, President; 

H. B. Lewis, Vice-President; PI. A. Mattill, 
Secretary; C. H, Fiske, Treasurer; H. C. Brad- 
ley, E. A. Doisy, P, E. Howe, Councilors. 1935 
H. B. Lewis, President; G. E. Cullen, Vice- 
President; H. a. Mattill, Secretary; C, H. 
Fiske, Treasurer; H. C. Bradley, J. B. Collip, 
E. A. Doisy, Councilors. 1936 H. B. Lewis, 
President; G. E. Cullen, Vice-President; H. A. 
M.\ttill, Secretary; A. B. Hastings, Treasurer; 
J. B. Collip, E, A. Doisy, W. C. Rose, Coun- 
cilors. 1937 G. E. Cullen, President; W. C. 
Rose, Vice-President; H. A. Mattill, Secretary; 
A. B. Hastings, Treasurer; E. A. Doisy, H.-B. 
Lewis, H. B. Vickery, Councilors. 1938 G.‘ E. 


Cullen, President; W. C. Rose, Vice-President; 
Charles G, King, Secretary; A. B. Hastings, 
Treasurer; H, B. Lewis, H. A. Mattill, H. B. 
Vickery, Councilors. 1939 W. C. Rose, Presi- 
dent; R. J. Anderson, Vice-President; Charles 

G. King, Secretary; A. B. Hastings, Treasurer; 

H. B. Lewis, H. A. Mattill, G. E. Cullen, 
Councilors. 1940 William C. Rose, President; 
Rudolph J. Anderson, Vice-President; Charles 

G. King, Secretary; A. B. Hastings, Treasurer; 

H. A. Mattill, Glenn E. Cullen, E. A. Doisr, 
Councilors. 1941 R. J. Anderson, President; 
E. a. Doisy, Vice-President; A. K. Balls, Secre- 
tary; W. C. Stadie, Treasurer; H. B. Lewis, W. 
C. Rose, Councilors. 1942 R. J. Anderson, 
President; E. A. Doisy, Vice-President; A. K. 
Balls, Secretary; W. C. Stadie, Treasurer; W. 
C. Rose, C. A. King, H. Y. Clarke, Councilors. 
1943 E. A. Doisy, President; A. B. Hastings, Vice- 
President; A. K. Balls, Secretary; W. C. Stadie, 
Treasurer; W. C. Rose, H. T. Cl.arke, R. L 
Anderson, Councilors. 1944 E. A. Doisy, Presi- 
dent; A. B. Hastings, Vice-President; A. K. 
Balls, Secretary; W. C. Stadie, Treasurer; B- J- 
Anderson, H. T. Clarke, V. du Vigneaud, - 
Councilors. 

CONSTITUTION 

From the Articles of Incorporation 

1. The name of the proposed corporation is 
“American Society of Biological Chemists, 
Incorporated.” 

2. The purposes for which this corporation is 
formed are to further the extension' of biochemical 
knowledge and to facilitate personal intercourse 
between American investigators in biologica 
chemistry. 

BY-LAWS 

Article I. — Membership , 

Section 1. Eligibility Jot Membership-— 
fied investigators who have conducted and pu - 
lished meritorious 'original investigations lo 
biological chemistry shall be eligible for member 
ship in the Society. 

Sec, 2. Nomination. — Nominations for mem er 
ship shall be made and seconded by members o 
the Society on blanks furnished by the Semetary- 
Nominations shall be submitted to the Counci 
who shall determine eligibility and make recom 
mendation to the Society at a' regular mec m ^ 
Sec. 3. Election to Membership. A. 
inee for membership may be voted for bj a 
at any meeting of the Societ}' after Counci i- 
reported its findings on his eligibility. 'Dm e igi 
candidate shall be reported by the 
“eligible” or as “eligible and indorsed, 
majority of the ballots cast shall elect. 
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Sec. 4. Forfcilurc. — A. Any member who may 
grant the use of his name for (a) theadvortisoment 
of a patent medicine, a proprietary food prepara- 
tion, or any otlier commercial article of doubtful 
value to the public or possibly harmful to the pub- 
lic hc.alth, or (b) who may concede its use for the 
purpose of encouraging the sale of individual 
samples (of any such product) that he has not ex- 
amined, shall forfeit his membership. 

B.Thc Council shall have authority to announce 
forfeiture of membership, provided that the copy 
of the charges, together with a written notice of 
a hearing thereon by the Council at a place and 
time specified in such notice, shall have been de- 
livered to the member charged with violating the 
preceding section cither personally or mailed to 
him at his last known address at least thirty days 
before the date of such hearing. 

Sec. 5. Expulsion . — Upon the recommendation 
of the Council any member may bo expelled bj’ a 
majority vote of the total membership at a moot- 
ing of the Society, provided that a copy of the 
charges against him, together with a written notice 
of a hearing thereon by the Council at a place and 
time specified in such notice shall have been de- 
livered to him personally or mailed to him at his 
last known address at least thirty days before the 
date of such hearing. 

Akticle II. — H[cclings and Quorum 

Section 1. Annual . — The annual meeting of the 
Society shall be held on the date fixed by the Cer- 
tificate of Incorporation. 

Sec. 2. Special . — A special meeting may be called 
at anj' time bj’ the President, or in case of his 
absence or disability, by the Vice-President, and 
must be called at the request of a majority of the 
Council or fifteen members of the Society. \ notice 
specifying the purpose of such meeting shall be 
mailed to each member at least ten days previous 
thereto. The Council shall select the places at 
which meetings shall be held. 

Sec. 3. Quorum . — Fifteen members shall con- 
stitute a quorum at all meetings of the Society, 
but in absence of a quorum ans' number shall be 
sufiicient to adjourn to a fixed date. 

Article III . — Officials 

Section 1. Officers . — ^The officers shall be a Presi- 
dent, a Vice-President, a Secretary, and a Treas- 
urer, who shall bo elected annually by the mem- 
bers of the Society. 

2. Council. — A. The officers so elected and 
>ree additional members, one of whom shall be 
® ected at each annual meeting of the Society to 
^f^Tv ° term, shall constitute the Board 

° corportion and shall be known 

cs The Council.” (When this provision is first 
Pu into effect three members will need to be 


elected for a one, a two and a three year period.) 

B. No two members of the Council may bo from 
the same institution, and none of the officers so 
elected shall be eligible for re-election for more 
than two years except the Secretary and Treas- 
urer, who shall bo eligible for re-election for five 
yc.ars. The three additional members of the Council 
shall be ineligible for rc-clection (until after the 
lapse of one year). 

Sec. 3. Duties of Offiicers . — The powers and duties 
of the officers elected by the Socict 3 ' shall be such 
ns usually devolve upon their respective positions. 

Sec. 4. Assistant Treasurer. — A. The Council 
maj’ from time to time appoint a trust company, 
or some member of the Society, to serve during the 
pleasure of the Council ns Assistant Treasurer, 
and to act ns dopositarj' of the investments and 
income of the "Christian A. Herter Memorial 
Fund” and of such other funds as the Society may 
from time to time commit to its or his charge. 

B. The Assistant Treasurer shall have and exer- 
cise the following powers and duties, viz., the 
custody’ and safe-keeping of securities and cash 
belonging to the “Christian A. Herter Fund” and 
the collection of income and other money’s due to 
the Fund, with power to receipt for the same an 
to endorse for deposit all checks payable to the 
Society or the Treasurer, or to the Journal of 
Biological Chemistry’ for income or other moneys 
due to the Fund, the investment or reinvestment 
of the capital of the Fund, subject to the approval 
of the Council; the dibursement of principal under 
the direction of the Council and the disbursement 
of income under the direction of the Editorial 
Board of the Journal of Biological Chemistry, 
such disbursement to be made under a resolution 
of the Council or Board, or with the approval 
of two members of either the Council or Board, 
as the case may be. The Assistant Treasurer shall 
keep books of account and render statements, 
annually or oftener upon the request of the Coun- 
cil or Board setting forth the condition of the Fund 
and the receipts and disbursements since the 
date of the preceding statement. 

Article IV.— The Council 

Section 1. Powers . — ^The general management of 
the Society during the intervals between meetings 
shall be vested in the Council, which shall reg- 
ularly perform the ordinary duties of an executive 
committee and possess all the powers conferred 
upon the Board of Directors of a membership 
corporation by the Membership Corporation Law 
of the State of New York. 

Sec. 2. fieporfs.— The Council shall report to 
the Society as promptly as possible its findings 
on the eligibility of candidates for membership, 
and on all charges of a violation of these By -Law’s! 

Sec. 3. Journal of Biological Chemistry . — ^The 
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Council shall have power to appoint the persons 
to act as proxies for the Society at all meetings of 
the stockholders of the “Journal of Biological 
Chemistry” (a corporation) of which all the stock 
is owned by the Society, and also to designate the 
persons to be elected as Directors of such corpora- 
tion. 

Sec. 4. Herter Fund . — It shall be the duty of the 
Council to see that the “Christian A. Herter 
Memorial Fund” is administered in accordance 
with the terms of the Trust Agreement, dated 
May 16, 1911, executed by the Journal of Biological 
Chemistry and the donors of said Fund. 

Article V . — Nominating Committee 

Section 1. Membership. — A. The nominating 
Committee shall consist of nine members from 
nine different institutions elected at each annual 
meeting to serve for the ensuing year. Members 
who have served on the Nominating Committee 
for two consecutive years shall be ineligible for 
re-election until after the lapse of one year. 

B. The member of the Nominating Committee 
who is elected to the Committee by the largest 
number of votes shall become Chairman and Secre- 
tary of the Committee. 

Sec. 2. Nomination of Officials. — A, The Nomi- 
nating Committee shall make at least one nomina- 
tion for each of the four offices and for each of the 
three additional positions in the Council to be 
filled by vote of the members. 

B. The nominations by the Nominating Com- 
mittee must be transmitted to the Secretary at 
least one month before the annual meeting at 
which they are to be considered. 

C. The Secretary shall send to every member, 
at least two weeks before the annual meeting, two 
copies of the list of nominees presented to him by 
the Nominating Committee and at the same time 
shall notify all the members that they may vote 
by proxy. 

D. At the opening of the first executive session 
of the ensuing annual meeting the Secretary shall 
formally present the regular nominations for the 
Nominating Committee. 

E. Additional nominations for the offices and for 
membership in the Council may be made by any 
member at the opening of the first executive ses- 
sion of any annual meeting. 

F. Nominations for membership on the Nomi- 
nating Committee shall be made by or for individ- 
ual members, either in person or by proxy, and not 
otherwise, at the opening of the first executive 
session of any annual meeting. 

Sec. 3. Election of Officials. — ^A. The Secretary 
shall receive and present to the tellers, appointed 
by the President to take charge of the election, all 
signed ballots forwarded by absent members. 
When such ballots are’ presented to the tellers the 
Secretary shall announce the names of the mem- 


bers voting by proxy, and he shall record the same 
names in the minutes of the meeting. 

B. All elective officials shall be selected by ballot 
at the close of the first executive session of each 
annual meeting. 

C. A majority of the votes cast shall be necessary 
to elect an official. 

D. Elective officials shall take office on July 1st 
following the annual meeting. 

Sec. 4. Filling of Vacancies. — A. The Nominat- 
ing Committee shall fill all vacancies in elective 
positions except such as may occur at a meeting of 
the Society. 

B. The President of the Society shall fill all va- 
cancies in appointive positions. 

Article 'V’I. — Financial 

Section 1. Dues. — ^Annual assessments shall be 
determined by majority vote at the annual meet- 
ings, upon the recommendation of the Council, and 
shall be due January 15th in each year. Members 
who have reached the age of 65 years, or who have 
become incapacitated, may, by vote of the Coun- 
cil, be exempted from the payment of dues. 

Sec. 2. Expenditures . — No expenditures from the 
general funds of the Society except those required 
in the performance of the ordinary official duties 
shall be made except by vote of the Society or the 
Council, but this section shall not apply to expen- 
ditures from the “Christian A. Herter Memorial 
Fund.” 

Sec. 3. Privileges of Membership Begin with Pay- 
ment of Dues . — Candidates for membership, ff 
elected, shall not be entitled to any of the privi- 
leges of membership, before they pay the dues of 
the fiscal year succeeding their election. 

Sec. 4. Penalty for Non-Payment of Dues.—^- 
Members in arrears for dues for a period of three 
consecutive years shall thereupon forfeit their 
membership. 

B. Delinquent members may be reinstated y 
the Council provided all indebtedness to the So- 
ciety is liquidated. 

Sec. 5. Herter Fund . — The “Christian A. Herter 
Memorial Fund” shall be held and invests 
separately from the general funds of the Socie y 
and the income thereof shall be expended un o’" 
the direction of the Editorial Board exclusively 
for the maintenance and support of the Journo 
Biological Chemistry, subject to the supervision 
and control of the Editorial Committee in accor 
ance with the terms of the Trust Agreement men 
tioned in Article I'V', Section 4, and the prow 
sions of Article VII of the By-Laws. 

Article VII . — Journal of Biological 
Chemistry 

Section 1. Editorial Committee . — There 
an Editorial Committee consisting of nine me 
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bcrs of the Society who slinll bo nomiiinted by tbo 
Nominating Committee and elected by the Society 
in the same manner as ofTicers. Tlio nine inoinbors 
first elected shall divide themselves bj’ lot into 
three classes of three in each class, to serve for two, 
four, and sis years respectively, and thereafter 
three members shall be elected at each nUernate 
annual meeting of the Society to succeed the mem- 
bers of the outgoing class and to servo for a term of 
six years. Members of the Committee shall bo 
eligible to re-election. 

Sec. 2. Powers of Commiltcc. — ^Tho Committee 
shall have power to elect an Editorial Board and 
shall have final authority in matters pertaining to 
the general policy of the Journal. 

Sec. 3. Editorial Board. — The members of the 
Bo.ard shall hold office until their successors arc 
elected and shall appoint a Managing Editor from 
among their own number who shall have direct 
responsibility and authority for the active edi- 
torial conduct of the Journal, and who shall have 
discretionary power in arranging the details as to 
the conduct of the Journal. The expenditures of 
the income of the "Christian A. Herter Memorial 
Fund” shall be under the direction of the Board, 
and the approval of any two members of the Board 
shall be a sufficient warrant to authorize payments 
from such income. 

Article VIII . — Papers on Scientific Subjects 

Section 1 . Presentation of Papers. — The Secre- 
tary shall request each member who signifies his 
intention of reading a paper at any session to 
specify the length of time which its presentation 
''rill require. The time thus specified shall be 
printed on' the official program, and the presiding 
officer shall have no authority to e.xtend it unless a 
■uajority of the members present signify their wish 
to the contrary. In the absence of any specification 
of time required not more than ten minutes shall 
be allotted for the reading of any one paper. 

Sec. 2. Number of Papers . — No member shall be 


permitted to present more than one paper, cither 
alone or in collabor.ation, until every member shall 
have had the opportunity of presenting one paper. 

Article IX . — Corporate Seal 

Section 1. The corporate seal of the corporation 
shall bo a circle surrounded by the words, “Ameri- 
can SociETV OF Biological Chemists,” and in- 
cluding the w'ord, “iNCORroRATED." 

Article X . — Amendments 

Section I. Amendments. — ^These By-Laws, after 
liaving been approved by the Council, and adopted 
by the Society at its first annual meeting, shall 
not be amended e.\'ccpt as hereinafter provided. 

Sec. 2. Manner of Presentation. — Proposed 
amendments to the By-Laws must be sent to the 
Secretory at least one month before the date of the 
meeting at which they are to be considered and 
must be indorsed in writing by at least three 
members. 

Sec. 3. Notice of Intended Amendments. — The 
Secretary^ shall give every member notice of pro- 
posed amendments at least two weeks before the 
meeting at which they are to be considered and 
shall notify all members that they may vote by 
pro.xy. 

Sec. 4. Adoption of Amendments A. The Secre- 
tary shall receive and present to the tellers ap- 
pointed by the President all signed ballots for- 
warded by absent members, lyhen such ballots are 
presented to the tellers, the Secretary shall 
announce the names of menibers voting by proxy, 
and he shall record the same names in the minutes 
of the meeting. 

B. Votes upon amendments shall be cast at the 
opening of the second executive session of the 
meeting at which they are considered. 

C. Affirmative votes from three-fifths of the 
members voting shall be required for the adoption 
of an amendment. 


AMERICAN SOCIETY FOR PHARMACOLOGY AND EXPERIMENTAL 


THERAPEUTICS, 

Founded December 28, 1908; 

OFFICERS ELECTED 1945 
President — Erwin E. Nelson, liVellcome Re- 
seateh Laboratories, Tuckahoe 7, New York. 

1 ice-Preszdeni — Charles M. Gruber, Jefferson 
i ^ieal College, Philadelphia 7, Pennsylvania, 
oecrelary— Ravmond N. Bietek, University of 
■nneaota Medical School, Minneapolis 14, Min- 
nesota. 

Treasurer— McKeen Cattell, Cornell Univer- 
«ty Medical College, New York 21, New York. 


INCORPORATED 

Incorporated June 19, W3S 

Council — ^Harrt Beckman, Marquette Univer- 
sity School of Medicine, Milwaukee 3, Wisconsin, 
Nathan B. EDnT,_National Institute of Health, 
Bethesda 14, Maryland, Erwin E. Nelson, 
Charles M. Gruber, Raymond N. Bieter, 
McKeen Cattell. 

Membership Committee— Jl.unvBY B. Haag 
(term expires 1046) IMedical College of Virginia, 
Richmond 19, Va., Carl A. Dhagstebt (term 
expires 1947) Northwestern University hledica) 
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School, Chicago 11, 111., Carl F. Schmidt (term 
expires 1948), University of Pennsylvania Medical 
School, Philadelphia 4, Pennsylvania. 

Nominating Commitlec — Ralph G. Smith, Chair- 
man, E. G. Gross, A. E. Livingston, Robert P. 
Walton, Arnold Welch. 

PAST OFFICERS 

1909 J. J. Abel, President; Reid Hunt, Secre- 
tary; A. S. Loevenhart, Treasurer; S. J. Melt- 
ZER, T. SoLLMANN, C. W. EdMUNDS, A. C. CrAW- 
FORD, Councilors. 1910 J. J. Abel, President; 
Reid Hunt, Secretary; A. S. Loevenhart, 
Treasurer; A. C. Crawford, G. B. Wallace, 
Councilors. 1911 J. J. Abel, President; Reid 
Hunt, Secretary; A. S. Loevenhart, Treasurer; 
G. B. Wallace, W. deB. MacNider, Councilors. 
1912 J. J. Abel, President; J. Auer, Secretary; 
A. S. Loevenhart, Treasurer; G. B. Wallace, 
Reid Hunt, Councilors. 1913 T. Sollmann, 
President; J. Auer, Secretary; A. S. Loevenhart, 
Treasurer; J. J. Abel, W. deB. MacNider, 
councilors. 1914 T. Sollmann, President, J. 
Auer, Secretary; W. deB. MacNider, Treasurer; 
J. J. Abel, A. S. Loevenhart, Councilors. 1915 
T. Sollmann, President; J. Auer, Secretary; W. 
deB. MacNider, Treasurer; Worth Hale, D. E. 
Jackson, Councilors. 1916 Reid Hunt, Presi- 
dent; J. Auer, Secretary; W. deB. MacNider, 
Treasurer; A. D. Hirschfelder, G. B. Roth, 
Councilors. 1917 Reid Hunt, President; L. G. 
Rowntree, Secretary; W. deB. MacNider, 
Treasurer; J. Auer, Carl Voegtlin, Councilors. 
1918 Reid Hunt, President; E. D. Brown, Secre- 
tary; W. deB. MacNider, Treasurer; Hugh 
McGuigan, Carl Voegtlin, Councilors. 1919 
A. S. Loevenhart, President; E. D. Brown, 
Secretary; W. deB. MacNider, Treasurer; Reid 
Hunt, E. K. Marshall, Jr., Councilors. 1920 
A. S. Loevenhart, President; E. D. Brown, 
Secretary; W. deB. MacNider, Treasurer; D. E. 
Jackson, E. K. Marshall, Jr., Councilors. 1921 

C. W. Edmunds, President; E. D. Brown, Secre- 
tary; Hugh McGuigan, Treasurer; John Auer, 
J. P. Hanzlik, Councilors. 1922 C. W. Edmunds, 
President; E. D. Brown, Secretary; Hugh Mc- 
Guigan, Treasurer; J. P. Hanzlik, H. G. Bar- 
bour, Councilors. 1923 C. W. Edmunds, Presi- 
dent; E. D, Brown, Secretary; Hugh McGui- 
gan, Treasurer; J. P. Hanzlik, H. G. Barbour, 
Councilors. 1924 John Auer, President; E. 

D. Brown, Secretary; A. L. Tatuji, Treasurer; 
J. P. Hanzlik, H. G. Barbour, Councilors. 
1925 John Auer, President; E. D. Brown, 
Secretary; A. L. Tatum, Treasurer; H. G. Bar- 
bour, W. deB. MacNider, Councilors. 1926 
John Auer, President; E. D. Bro-wn, Secre- 
tary; A. L. Tatum, Treasurer; H. G. Barbour, 
W. deB. MacNider, Councilors. 1927 Carl 


Voegtlin, President; E. D, Brown, Secretarj'; 
A. L, Tatum, Treasurer; V. E. Henderson, C. 
W. Edmunds, Councilors. 1928 Carl Voegtlin,, 
President; E. D. Brown, Secretary; A. L. Tatum, 
Treasurer; V. E. Henderson, C, W. Edmunds, 
Councilors, 1929 Carl Voegtlin, President; E. 

D. Brown, Secretary; 0. H. Plant, Treasurer; 
V. E. Henderson, C. W. Edmunds, Councilors. 
1930 George B. Wallace, President; E. D. 
Brown, Secretary; 0. H. Plant, Treasurer; H. 
G. Barbour, C. M. Gruber, Councilors. 1931 
George B. Wallace, President; Velyien E. 
Henderson, Secretary; 0. H. Plant, Treasurer; 
Paul D. Lamson, William deB. MacNider, 
Councilors. 1932 Wm. deB. MacNider, Presi- 
dent; A. N. Richards, Vice-President; V. E. 
Henderson, Secretary; 0. H. Plant, Treasurer; 
G. B. Roth, A. L, Tatum, Councilors. 1933 Wm. 
deB. MacNider, President; A. L. Tatum, Vice- 
President; V. E. Henderson, Secretary; 0. H. 
Plant, Treasurer; C. M, Gruber, G. B. Roth, 
Councilors. 1934 R. A. Hatcher, President; A. 

L. Tatum, Vice-President; E. M. K. Geilino, 
Secretary; 0. H. Plant, Treasurer; Wm. dhB. 
MacNider, R. L. Stehle, Councilors. 1935 7- 

E. Henderson, President; 0. H. Pl.ant, Vice. 
President; E. M, K. Ceiling, Secretary; C. M. 
Gruber, Treasurer; Floy'd de Eds, M. S. Dooi/By, 
Councilors. 1936 V. E. Henderson, Presi- 
dent; 0. H. Plant, Vice-President; E. M. IC 
Geiling, Secretary; C. M. Gruber, Treasurer; 
C. W. Edmunds, G. B. Wallace, Councilors. 
1937 A. L. Tatum, President; E. M. K. Geiling. 
Vice-President; G. P. Grabfield, Secretary; C- 

M. Gruber, Treasurer; V. E. Henderson, M. H- 
Servers, Councilors. 1938 A. L. Tatum, Presi- 
dent; E. M. K. Geiling, Vice-President; G. ?• 
Grabfield, Secretary; C. M. Gruber, Treasurer, 
E. K. Marshall, Jr., C. F. Schmidt, Councilors. 
1939 0. H. Plant, President; E. M. K. Geiling, 
Vice-President; G. P. Grabfield, Secretary; E. 
E. Nelson, Treasurer; A. L. Tatum, C. A. Dbag- 
stedt, Councilors. 1940 E. M. K. Geiling, 
President; C. F. SciiMinT, Vice-President; 
Philip Grabfield, Secretary; E. E. Nelson, 
Treasurer; B. H. Robbins, C. H. Thienes, Coun- 
cilors 1941 E. M. K. Geiling, President; C. !'• 
Schmidt, Vice-President; Raymond N. Bietek, 
Secretary; E. E. Nelson, Treasurer; E. G. Gross, 
R. G. Smith, Councilors. 1942 E. K. Marshall, 
Jr., President; Carl A. Dragstedt, Vice-Pre^ 
dent; Raymond N. Bieter, Secretary; E- 
Nelson, Treasurer; McK. Cattell, R. G. 
Councilors. 1943E. K. Marshall. Jr., President; 
Carl A. Dragstedt, Vice-President; RaYMON ^ 

N. Bieter, Secretary; E. E. Nelson, 

McK. Cattell, R. G. Smith, Councilors, 

E. E. Nelson, President; C. M- Gruber, 
President; R. N. Bieter, Secretary; IMcKeen 
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C.vrmx, Treasurer; IIaiiuy lir.CKMAN, Xatiiak 

B. Eddy, Councilors. 

CONSTITUTION 
Article I.— A'omc 

The name of this organization shall be the 
“xUiERicAX Society tor Pharmacology and Ex- 
perimental Therapeutics, Incorpor.ated.” 

Article 1L— Objects 

The purpose of this Society shall be to promote 
these branches of science and to facilitate personal 
intercourse between inucstigators who arc actively 
engaged in research in those fields. 


Article III.— il/cmhcrs/iip 


Sectio.v 1. Any person who lias conducted and 
published a meritorious investigation in pharma- 
cology orc.vpcrimental therapeutics, and who is an 
active investigator in one of these fields, shall be 
eligible to membership, subject to the conditions 
of the other sections of Article III. 

Sec. 2^ A. Candidates for membership to this 
Society shall bo proposed by two members who arc 
not members of the Council. The names so pro- 
posed shall be sent to the Secretary at least three 
months prior to the Annual Meeting. 

B. The Membership Committee shall investigate 
the qualifications of the candidates and report 
to the Council. 

C. Candidates reported upon by the Membership 
Comraitteo to the Council may be recommended 
for admission by the Council only provided they 
have been unanimously approved by both the 
Membership Committee and the Council. 

B. The names of the candidates recommended 
for admission by the Council shall be posted by 
the Secretary Rot later than the day preceding the 
filection for members. 

E. The election of members shall be by individ- 
ual ballot; one opposing vote in every eight cast 
shall be sufficient to exclude a candidate from 
membership. . 

Sec. 3. FoTfeilurc of Membership. 

A. Any member whose assessment is three years 
in arrears shall cease to_be a member of the Society, 
Unless he shall be reinstated by a special vote of 
the Council; and it shall be the duty of the Treas- 
urer to inform the Secretary that he may notify 
me said delinquent of his right to appeal to the 
Council. 


B. If the Council shall decide that it is for the 
best interests of the Society that a member be 
uxpelled, the member shall be notified and given 
nn Opportunity of a hearing before the Council. 
Pon the recommendation of the Council the mem- 
or then may be e.xpelled by a three-fourths vote 

u those present at a regular meeting of the So- 
ciety. 


Sec, 4. Honorary Members. 

A. Distinguished men of science who have con- 
tributed to the advance of pharmacology or experi- 
mental therapeutics shall bo eligible for election ns 
honorary members of the Society. 

B. Nominations for honorary members shall 
take the same course as nominations for ordinary 
members (Art. Ill, Sec. 2); but their election shall 
require the unanimous vote of the members pres- 
ent at the election, , 

C. Honorary members shall pay no membership 
fee. Tiiey shall have the right to attend all meet- 
ings of the Society, and to take part in its discus- 
sions, but they shall have no vote. 

D. The conditions for continuation of member- 
ship shall be the same for honorary as for ordinary 
members (Art. Ill, Sec. 3), except that forfeiture 
for arrears of fees docs not apply to honorary 
members. 

Article IV.— Officers and Elections 

Section 1. The management of the Society shall 
be vested in a Council of six officers, consisting of 
a President, a Vice-President, a Secretary, a Treas- 
urer, and two additional members. 

Sec. 2. There shall be a Membership Committee 
consisting of three members, and a Nominating 
Committee consisting of five members. No two 
members of either Committee shall be from the 
same institution. 

Sec. 3. Members of the Council shall serve for 
one year but they shall be eligible for re-election. 

Sec. 4. The election of the Membership Commit- 
tee shall be held annually at the time when the 
election of officers occurs. At the first meeting of 
the Society under this Constitution, one member 
shall be elected to serve on the Committee for 
three years, one for two years, and one for one 
year; and subsequently one member shall be 
elected each year to serve for a period of three 
years. 

Sec. 5. A. Members of the Nominating Commit- 
tee shall serve for one year. They are eligible for 
re-election, but shall not hold membership in the 
Committee for more than two consecutive years. 

B. The Nominating Committee shall make at 
least one nomination for each office and for posi- 
tion on the Membership Committee to be filled 
by vote of the members. The nominations so made 
shall be transmitted to the Secretar}' and by him 
in turn to the members, at least one month before 
the annual meeting. Additional nominations may 
be made by any member at the time of the annual 
meeting. 

C. Nominations for membership on the Nomi- 
nating Committee shall be made by individual 
members at the time of the annual election. The 
five nominees who receive the highest number of 
votes shall be declared elected. The Nominating 



298 


FEDERATION PROCEEDINGS 


Committee shall select its own chairman who shall 
also serve as secretary to the Committee. 

Sec. 6. The election of officers shall be held at 
the close of the first session of the annual meeting. 
In voting there shall be a ballot in regular order 
for each office to be filled, and the majority of the 
votes cast shall be necessary to a choice. 

Sec. 7. Such vacancies as may occur in the offices 
and in the various committees in the interval 
between annual meetings shall be filled by a 
majority vote of the Council. 

Article V . — Meetings 

Section 1. The annual meeting of the Society 
shall be held at a time and place determined by 
the Council in consultation with the Executive 
Committee of the Federation of American So- 
cieties for Experimental Biology. 

Sec. 2. Special meetings may be held at such 
times and places as the Council may determine. 

Sec. 3. At least four weeks before the annual 
meeting the Secretary shall send to each member 
a notice of the time and place of such meeting and 
shall make such announcements as the Council 
may direct. 

Article VI . — Financial 

Section 1. The annual assessment shall be de- 
termined by majority vote at the annual meetings, 
upon the recommendation of the Council, and 
shall be due in advance at the time of the meeting. 

Sec. 2. Beyond the ordinary expenditures re- 
quired by the routine business of the Society no 
money shall be disbursed save by the authority of 
the Council or Society. 

Sec. 3. The treasurer shall make an annual re- 
port to the Society. 

Sec. 4. In case any profits result to the Society 
from the Journal of Pharmacology and Experi- 
mental Therapeutics at the end of the financial 
year, such profits shall be kept in a special account, 
after deducting any sums expended by the Society 
during the year for the conduct of the Journal, 
and shall be held subject to the order of the Coun- 
cil on recommendation of the Editorial Board. 

Article VII. — Quorum 

Ten members shall constitute a quorum for the 
transaction of business. 


Article VIII. — By-Laws 

By-Laws shall be adopted, altered or repealed 
at any meeting by two-thirds vote of the bal- 
lots cast. 

Article IX . — Amendments 

Section 1 . Intended amendments to the Consti- 
tution shall be sent to the Secretary at least one 
month before the date of the meeting at which they 
are to be considered, and must be indorsed in 
writing by at least three members. 

Sec. 2. The Secretary shall give all members due 
notice of proposed amendments. 

Sec. 3. A four-fifths vote of the members present 
shall be required for the adoption of an amend- 
ment. 

Article X . — Journal 

Section 1. The official publication of the Society 
shall be the Journal of Pharmacology and Experi- 
mental Therapeutics. 

Sec. 2. The Society shall elect an Editor-in-Chief 
for a term of three years and he with the'approva! 
approval of the Council shall appoint an Editorial 
Board of six members for a term of three years. 

Sec. 3. The Editorial Board shall have direct 
authority and responsibility for the active edi- 
torial conduct of the Journal of Pharmacology and 
Experimental Therapeutics and shall have discre- 
tionary power in arranging details as to the con- 
duct of the Journal. 

BY-LAWS 

1. Papers to be read shall be selected by the 
President and Secretary, who ^hall be empowered 
'to arrange the program in their discretion. Papers 
not read shall appear on ^he program as read by 
title. No member shall be permitted to read or 
have read by title more than one paper. 

2. An abstract of a paper to be read before the 
Society shall be sent to the Secretary with the 
title. As early as possible after each meeting, the 
Secretary shall edit and publish the Proceedings 
of the Society together with abstracts in a pub i- 
cation authorized by the Society. 

3. All applications for membership shall be ac- 
companied by a copy of as many reprints as pos- 
sible of the published work of the applicant. 
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THE AMERICAN SOCIETY FOR EXPERIMENTAL PATHOLOGY 

Founded December 29, 1913 


OFFICERS ELECTED 1912 

Prcsidciii— Bai.dcin Luck6, University of Penn- 
sylvania Medical School, Philadelphia. 

Ficc-Prcsidcri(— PAur, R. Caxnon, University 
of Chicago, Chicago, Illinois. 

Sccrclarij-Trcasitrcr — H. P. Smith, College of 
Physicians and Surgeons, Columbia University, 
New York, N, Y. 

Councilors— Douglas H. Sprunt, University of 
Tennessee, Memphis, Frieda S. Rodscheit-Rob- 
Biss, University of Rochester School of Medicine 
and Dentistry, Rochester, N. Y. 

PAST OFFICERS 

1914 R. M. Pearce, President; John F. Ander- 
son, Vice-President; G. H. Whipple, Secretary- 
Treasurer; Harvey Cushing, David Marine, 
Councilors. 1915 Theobald Smith, President; 
G. H. Whipple, ITce-Presidcnt; Peyton Rous, 
Secretary-Treasurer; David Marine, R. M. 
Pearce, Councilors 191G Si.mon Flenner, Presi- 
dent; Leo Loeb, Vice-President; Peyton Rous, 
Secretary-Treasurer; Daihd Marine, R. M. 
Pe.asce, Councilors. 1917 Ludihg Hektoen, 
President; Leo Loeb, Vice-President; Howard T. 
Karsner, Secretary-Treasurer; Paul A. Lewis, 
L. G. Rowntree, Councilors. 1918 H. Gideon 
Wells, President; W.' G. MacCallu.m— Vice- 
President; Howard T. Karsner, Secretary- 
Treasurer; L. G. Rowntree, Ludvig Hektoen, 
Councilors. 1919 W. G. MacCallu.m, President; 

- William H. Park, Vice-President; Howard T. 
ILirsner, Secretary-Treasurer; Ludvig Hektoen, 
P. L. Opie, Councilors. 1920 TSTlliam H. Park, 
President; F. G. Novy, Vice-President; Howard 
T. Karsner, Secretary -Treasurer; E. L. Opie, 
W'ade H. Brown, Councilors. 1921 F. G. Novy, 
President; Howard T. Karsner, Vice-President; 
Wade H. Brown, Secretary-Treasurer; Paul A. 
Pewis, A. R. Dochez, Councilors. 1922 Howard 
T- IIarsner, President; Eugene L. Opie, Vice- 
President; Wade H. Brown, Secretary-Treasurer; 
A. R. Dochez, George H. Whipple, Councilors. 
1923 Eugene L. Opie, President; Aldred S. War- 
Vice-President; Wade H. Brown, Seoretary- 
reasurer; George H. Whipple, H. Gideon 
Wells, Councilors. 1924 Aldred S. Warthin, 
resident; George H. Whipple, Vice-President; 
^bward B. Krumbhaab, Secretary-Treasurer; 

■ Gideon Wheels, Frederick L. Gates, Coun- 
ors. 1925 George H. Whipple, President; 
ade H. Brown, Vice-President; Edward B. 

'■RniBHAAR, Secretary-Treasurer; Frederick 

■ Gates, David Marine, Councilors. 192S 
■\de H. BnowN, President: David Marine, 


Vice-President; Edward B. Krumbhaar, Socro- 
tary-Treasuror; Frederick L. Gates, William F. 
Petersen, Councilors. 1927 David Marine, 
President; Edward B. Krotibhaar, Vice-Presi- 
dent; Cabl V. Weller, Secretary-Treasurer; 
William F. Petersen, Frederick L. Gates, 
Councilors. 1928 Edward B. Krumbhaar, Presi- 
dent; William F. Petersen, Vice-President; 
Carl V. Weller, Seorctary-Trensurcr; Fred- 
erick L. Gates, Samuel R. Haytiiorn, Coun- 
cilors. 1929 William F. Petersen, President; 
Frederick L. Gates, Vice-President; Carl V. 
Weller, Secretary-Treasurer; Samuel R. Hay- 
thorn, Peyton Rous, Councilors. 1930 Fred- 
erick L. Gates, President; Samuel R. Haythorn, 
Vice-President; C. Phillip Miller, Secretary- 
Treasurer; Peyton Rous, Carl V. Weller, 
Councilors. 1931 Samuel R. Hay'THORn, Presi- 
dent; Peyton Rous, Vice-President; C, Phillip 
Miller, Secretary-Treasurer; Carl V, Weller, 
S. Burt Wolbach, Councilors. 1932 Peyton 
Rous, President; Carl V. Weller, Vice-Presi- 
dent; C. Phillip Miller, Secretary-Treasurer; 
S. Burt Wolbach, Oskar Klotz, Councilors. 
1933 Cabl V. Weller, President; S. Burt Wol- 
bach, Vice-President; C. Phillip Miller, Secre- 
tary-Treasurer; Oskar Klotz, Alphonse R. 
Dochez, Councilors. 1934 S. Burt Wolbach, 
President; Oskar Klotz, Vice-President; Shields 
Warren, Secretary-Treasurer; C. Phillip Mil- 
ler, Alphonse R; Dochez, Councilors. 1935 
Oskar Klotz, President; Alphonse R. Dochez, 
Vice-President; Shields Warren, Secretary- 
Treasurer; Morton McCutcheon, C. Phillip 
Miller, Councilors. , 1936 Alphonse R. Dochez, 
President; C. Phillip Miller, Vice-President; 
Shields Warren, Secretary-Treasurer; Morton 
McCutcheon, Ernest W. Goodpasture, Coun- 
cilors. 1937 C. Phillip Miller, President; Mor- 
ton McCutcheon, Vice-President; Paul R. 
Cannon, Secretary-Treasurer; Eenest W. Good- 
pasture, Shields Warren, Councilors. 1938 
Morton McCutcheon, President; Ernest W. 
Goodpasture, Vice-President; Paul R. Cannon, 
Secretary-Treasurer; Shields Warren, Jesse hj 
Bollman, Councilors. 1939 Ernest W. Good- 
pasture, President; Shields Warren, Vice- 
President; Paul R. Cannon, Seerkary-Treasurer; 
Jesse L. Bollman, Balduin LucKfi, Councilors. 
1940 Shields Warren, President; Jesse L. Boll- 
man, Vice-President; H. P. Smith, Secretary- 
Treasurer; Baldwin Luck:6, Paul R. Cannon, 
Councilors. 1941 Jesse L. Bollman, President; 
Balduin Luck£, Vice-President; H. P. S.mith, 
Secretary-Treasurer; Paul R. Cannon, Douglas 
H. Sprunt, Councilors. 1942, IS-i.';, 1944 BAi.nrrrv 
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LucKfi, President; Paul R. Cannon, Vice-Presi- 
dent; H. P. Smith, Secretary-Treasurer ; Douglas 
H. Sprunt, Frieda S. Robscheit-Robbins, Coun- 
cilors. 

CONSTITUTION 
Article l.-—Name 

The Society shall be named "The American 
Society for Experimental Pathology.” 

Article II .- — Object 

The object of this Society is to bring the produc- 
tive investigators in pathology, working essen- 
tially by experimental methods, in closer affiliation 
with the workers in the other fields of experimental 
medicine. 

Article III . — Time and Place of Meeting 

The Society shall meet at the same time and 
place as the Federation of American Societies for 
Experimental Biology, which comprises at present 
the American Physiological Society, the American 
Society of Biological Chemists, the American So- 
ciety for Pharmacology and Experimental Thera- 
peutics, and the American Society for Experimen- 
tal Pathology. 

Article IV . — Membership 

Section 1. Any American investigator who, 
through the use of experimental methods, has, 
within three years prior to his candidacy, con- 
tributed meritorious work in pathology, is eligible 
to membership. 

Sec. 2. It shall be the policy of the Society to 
restrict its membership to as small numbers as is 
compatible with the maintenance of an active 
existence. 

Sec. 3. There shall be two classes of members: 
active and honorary members. 

Active members: Candidates for active member- 
ship shall be nominated at or before an annual 
meeting by two members of the Society. The nomi- 
nators shall present to the Secretary in writing 
evidence of the candidate’s qualifications for 
membership. Nominations approved by the Coun- 
cil shall be presented to the Society for election at 
the next annual meeting following nomination. 
For election a favorable ballot by a majority of the 
members present is necessary. 

Honorary members: These may be elected from 
the active list or from the group of distinguished 
investigators at home or abroad who have con- 
tributed to the knowledge of pathology by experi- 
mental study. They shall be elected only by the 
unanimous vote of the members present at time of 
nomination. 

Sec. 4. Active members shall pay such annual 
dues as are determined upon, from j'ear to year, by 


the Council. Honorary members shall pay no dues, 
are not eligible to office, and have no vote in the 
business affairs of the Society, but they shall have 
all the privileges of the active members in the 
scientific proceedings. 

Sec. 6. Upon failure of an active member to pay 
dues for two years, notice shall be given to the 
member by the Secretary. At the end of the third 
year, if dues are still unpaid, such failure consti- 
tutes forfeiture of membership. 

Sec. 6. A motion for expulsion of a member roust 
be thoroughly investigated by the Council; at this 
investigation the accused shall be afforded a hear- 
ing or may be represented by a member. Expulsion 
can be accomplished only after a unanimous vote 
by the Council in favor of expulsion, sustained by 
a four-fifths vote of the members present at the 
meeting. 

Article V . — Officers 

The management of the Society shall be vested 
i n a Council of five members, consisting of a Presi- 
dent, a Vice-President, a Secretary-Treasurer, 
and two other members who shall be nominated 
by the Council and elected by the Society. Officers 
are elected by a majority vote. Vacancies shall be 
filled by the Council for the unexpired term. 

The President and Vice-President shall hold 
office for one year and are ineligible for re-election 
during the following year. The Secretary-Treas- 
urer is eligible for re-election. Councilors shall 
hold office for two years ^nd are elected on alter- 
nate years. At the first election one Councilor shall 
be elected for a short term of one year. 

Article VI . — Quorum 

Section 1. Three constitute a quorum of the 
Council. The Council decides by a majority vote. 

Sec. 2. A quorum of the Society for transaction 
of business shall be one-fourth of the total mem- 
bership. In all questions brought before the So- 
ciety a majority vote of those present shall decide, 
e.xcept as elsewhere provided for. 

Article VII . — Annual Meeting 

Section 1. Papers shall be limited to ton min 
utes. However, on motion and with unanimous 
consent, the time may be prolonged by a period no 
exceeding five minutes. The Council may ma 'e 
provision for longer papers on suitable occasmns. 

Sec. 2. The subjects of papers must be confmet 
to experimental work in pathology. In dou 
cases a liberal interpretation by the Presiden an 
Secretary may pre-yail. The Council may J 
however, presentations dealing with anj su J 
W'hich it considers of considerable interest o 
Society. 
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AnTicLE VIII.— C/idH^c of Conslilution 

A motion concerniiip; a clinnge of liio Constitu- 
tion must bo presented to the Council in writing 
by three members, .nnd must bo coinmuiiicntcd to 
the members by tlic Sccret.nry at least four weeks 
before the annu.al meeting. At this meeting such a 
change may bo cst.ablishod when .accepted by a 
four-fifths vote of the members present. 

BY-LAWS 

1. There must bo in cnoh ye.ar at least one meet- 
ing of the Council, which shall take place not later 
than the evening before the annual meeting. 

2. At the end of the first session of the annual 
meeting the Secretary shall read the rc|iort of the 
Council. This report shall include (1) names of 


persons rccomtnendcd for membership, (2) nomi- 
nations for offices, (3) matters of general interest. 
The Secretary shall exhibit in a conspicuous place 
the names of candidates for membership recom- 
mended by the Council, together with the evidence 
of the qualifications of the candidates. 

3. The election of officers and of now members, 
changes in the Constitution, etc., shall bo voted 
upon at the end of the first session. 

4. Changes in the By-Laws may be determined 
by a majority vote of those present. 

5. In the year that a now Secretary-Treasurer is 
elected the incoming Council Member elected that 
year, or another member of the Council, shall 
become Assistant Secretary -Treasurer for the du- 
ration of the term of the Secretary-Treasurer. 


THE AMEKICAN INSTITUTE OF NUTRITION 

Founded April 11, 1933; Incorporated November 16, 193/t 
Member of Federation 19^0 


OFFICERS ELECTED 1945 

Fresidenf— W m. C. Rost; 
rfcc-Prcsidcn(— AnTHCR H. Smith 
Secretary— li. E. Gauteu 
Treasurer— E. M. Nelson' 

. Coimn'fors—T. H. Jukes, C. A. Elvehjem and 

U- IV. WOOLI.F.V 

A’ommab'wff Committee— A. G. Hog AN, Chairman, 
H. Goss, A. D. Holjies, I. McQoAnniE, and 
Ltdia J. Roberts. 

PAST OFFICERS 

1933 L. B. Mendel, President; H. C. SHEnMAN, 
tice-President; J, R. Mublin, Secretary -Treas- 
urer;E. F. DuBois, M. S. Rose, Councilors. 1934 
R. Mublin, President; E. F. DuBois, Vice- 
President; IciE G. Macy, Secretary; W. M. 
Boothby, Treasurer; A. H. Smith, Agnes Fay 
Morgan, R. M. Bethke, Councilors. 1935 J. R. 
Murlin, President; E. F. DoBois, Vice-President; 
IciE G. JLicr, Secretary; G. R. Cowgill, Treas- 
urer; A. H. S.MiTH, R. M. Bethke L. A. AIaynard, 
Councilors. lfl3G E. F. DuBois, President ; Maky 
wartz Rose, Vice-President; G. R. Cowgill, 
treasurer; Icie G. Macy, Secretary; ‘ E - M. 
Bethke, L. a. Maynard, C. A. Elvehjem, 
ouncilors. 1937 Mary S. Rose, President; E. 

• ^IcCoLLuM, Vice-President; G. R. Cowgill, 
Ireasurer; Icie G. Macy, Secretary; L. A. Mat- 

P'Evehjem, P. E. Howe, Councilors. 
imR, V, McCollum, President; T. M. Carpen- 
ter, Vice-President; G. R. Cowgill, Treasurer; 

• A. Maynard, Secretary; C. A. Elvehjem, P. 

n Helen S. Mitchell, Councilors. 1939 

G. Sherman. President; T. M. Carpenter, 


Vice-President; G. R. Cowgill, Tretisurer; L. A. 
Maynard, Secretary; P. E. Howe, Helen S. 
Mitchell, A.. H. Smith, Councilors. 1940 
Thorne M. Carpenter, President; A. G. Hogan, 
Vice-President; L. A. Matnard, Secretary; W. 
H, SnoRELL, Jr., Treasurer; Helen S, Mitchell, 
Arthur H. S.mitii, Ltdia J. Roberts, Councilors. 

1941 A. G. Hogan, President; L. A. May'nard, 
Vice-President; Arthur H. Smith, Secretary; 
W. H. Sebbell, Jr., Treasurer; T. H. Jukes, 
Lydia J. Roberts, H. B. Lewis, Councilors. 

1942 L. A. Maynard, President; H. B. Lewis, 
Vice-President; Arthur H. Smith, Secretary; 
W. H. Sebbell, Jr., Treasurer; Lydia J. Roberts, 
Genevieve Stearns, T. H. Jukes, Councilors. 

1943 H. B, Lewis, President; Icie G. Macy-Hoob- 
LER, Vice-President; Arthur H. S.mith, Secretary; 
Lydia J. Roberts, Genevieve Stearns, T. H. 
Jukes, Councilors. 1944 Icie G. Macy-Hoobleb, 
President; W.m. C. Rose, Vice-President; Arthur 
H. S.MITH. Secretary; E. M. Nelson, Treasurer; 
Genevieve Stearns, T. H. Jukes and C. A. 
Elvehjem, Councilors. 

CONSTITUTION 

1. The name of the proposed society is the 
“American Institute or Nutrition.” 

2. The purposes of the society are to further the 
e.xtension of the knowledge of nutrition and to 
facilitate personal contact between investigators 
in nutrition and closely related fields of interest. 

3. The management of the American Institute of 
Nutrition shall be vested in a council consisting of 
the President, Vice-President, Secretary, Treas- 
urer and three additional members. 
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BY-LAWS 

Article I — Membership 

Section 1. Eligihilily for membership .'McmhcrB. 
Qualified investigators who have independently 
conducted and published meritorious original in- 
vestigations in some phase of the chemistry or 
physiology of nutrition and who have shown a 
professional interest in nutrition for at least 6 
years shall be eligible for membership in the So- 
ciety. 

Sec. 2. Nomination: Nominations for member- 
ship shall be made and seconded by members of 
the Society on blanks furnished by the Secretary. 
Nominations shall be submitted to the Council 
who shall determine eligibility and make recom- 
mendation to the Society at a regular meeting. 

Sec. S. Election to membership: A. A nominee for 
membership may be voted for by ballot at any 
meeting of the Society after the Council has re- 
ported its findings on his eligibility. B. A majority 
of the ballots cast shall elect. 

Sec. 4. Forfeiture: If a majority of the Council 
after due notice to the member in question and 
opportunity for a hearing, shall decide that the 
interests of the Society require the expulsion of a 
member, the Secretary shall send a notice of this 
decision to each member at least two weeks before 
the next annual meeting. At-this meeting the Sec- 
retary shall, on behalf of the Council, propose the 
expulsion; and if two-thirds of the members pres- 
ent vote for it, the member shall be expelled, his 
assessment for the current year shall be returned 
to him, and he shall cease to be a member of the 
Society. 

Article II — Meetings and Quorum 

Section 1.. Annual: The annual meeting of the 
Society shall be held on the date fixed by the 
Certificate of Incorporation. 

Sec. 2. Special: A special meeting may be called 
at any time by the President, or in case of his 
absence or disability, by the Vice-President, and 
must be called at the request in writing of a 
majority of the Council or fifty members of the 
Society. Notice specifying the purpose of such 
meeting shall be mailed to each member at least 
ten days previous thereto. The Council shall select 
the places at which meetings shall be held. 

Sec. 3. Quorum: Thirty members shall consti- 
tute a quorum at all meetings of the Society, but 
in the absence of a quorum any number shall be 
sufficient to adjourn to a fixed date. 

Article III— Oi^cials 

Section 1. Otfeers: The officers shall be a Presi- 
dent, and a Vice-President, who shall be elected 
annually, and a Secretary and Treasurer, each of 
whom shall be elected to serve for a term of three 


years. These officers shall be elected by the mem- 
bers of the Society. Their terms of office shall com- 
mence on July 1 of the year in which they are 
elpcted. 

Sec. 2. Council: The officers so selected and three 
additional members, one of whom shall be elected 
at each annual meeting to serve a term of three 
years, shall constitute a Board of Trustees and 
shall be known as ‘The Council.’ (V^en this pro- 
vision is first put into effect one member shall 
be elected for 1 year, one for 2 years and the third 
for 3 years.) 

Sec. 3. Duties of Officers: The powers and duties 
of the officers elected by the Society shall be such 
as usually devolve upon their respective positions. 

Article TV — The Council 

Section 1. Powers: The general management of 
the Society during the intervals between meetings 
shall be vested in the Council, which shall regu- 
larly perform the ordinary duties of an e.xecutive 
committee and possess all the powers conferred 
upon the Board of Trustees of an educational insti- 
tution chartered by the Education Department of 
the University of the State of New York. A perma- 
nent charter was issued to the American Institute 
of Nutrition under date of November 16, 1934. 

Sec. 2. Reports: The Council shall report to the 
Society its findings on the eligibility of candidates 
for membership, and on all charges of a violation 
of these By-Laws. 

Article V — Nominating Committee 

Section 1. Membership: A. The Nominating 
Committee shall consist of five members appoi°^“ 
for the coming year by the retiring President. 
Members who have served on the Nominating 
Committee for two consecutive years shall be in- 
eligible for reappointment until after a lapse o 
one year. B. The President shall designate one 
member to be Chairman of the Nominating Com- 
mittee. 

Sec. 2. Nomination of Officials: A. The Nomina - 
ing Committee shall make at least one nomination 
for each of the four offices, for each of the nd i- 
tional positions on the Council to be filled by vo ^ 
of the members and for each of the positions on e 
Editorial Board to be vacated at the time of ® 
annual*meeting. Any member of the Institute may 
submit nominations to the Nominating Commi^ ee 
for its consideration along with those nonfinations 
made by the members of the Nominating 0°^™* 
tee. B. The nominations by the Nominating ° 
mittee shall be transmitted to the Secretarj a 
least six weeks before the annual meeting at v u 
they are to be considered. C. The Secretary s 
send to every member, at. least two wceks^ c 
the annual meeting, a printed ballot 
list of nominees and space for such a i ' 
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names as the member wishes to propose, and at 
the same time shall notify the members that they 
may vote by mail, returning to the Secretary the 
marked ballot in the cnvelopc.provided, at such a 
time and place ns the Secretary may designate, or 
the ballot may be delivered to the Secretary at the 
beginning of the business session at which the elec- 
tions arc to take place. 

Sec. 3. Election of Officials: A. At the beginning 
of the business session the Secretary shall present 
to the tellers, appointed by the President, the 
ballots submitted by the members and the ballots 
shall be counted forthwith. B. A majority of votes 
cast shall be necessary to eleet an official. 

Sec. 4. Filling of Facancics; A. The Nominating 
Committee shall fill all vacancies in elective posi- 
tions except such as may occur at a meeting of the 
Society. B. The President of the Society shall fill 
all vacancies in appointive positions. 

.\nTrcLE VI — Financial 

Section 1. Dues: The dues shall be the annual 
cost of subscription to The Journal of Nutrition 
for members plus an annual assessment which shall 
be determined by majority vote at the annual 
meetings, upon recommendation of the Council, 
and shall be due within a month after the annual 
meeting. A member on attaining the age of 05 may 
elect to be relieved from all financial obligations to 
the Institute including subscription to the Journal 
of Nutrition. 

Sec. 2. Expenditures: No expenditures from the 
general funds of the Society except those required 
in the performance of the ordinary official duties 
shall be made except by vote of the Society or the 
Council. ' 

Sec. 3. Penalty for non-payment of dues: A. 
Members in arrears for dues for two consecutive 
years shall forfeit their membership. B. Delin- 
quent members may be reinstated by the Council 
provided all indebtedness to the Society is liqui- 
dated. 

Abticlb VII — The Journal of Nutrition 

Section 1. The American Institute of Nutrition 
designates The Journal of Nutrition as its official 
Organ of publication. 

Sec. 2. In accordance with the expressed wish of 
the Wistar Institute of Anatomy and Biology, 


owner and publisher of The Journal of Nutrition, 
the American Institute of Nutrition shall nomi- 
nate members of the Editorial Board foj its official 
organ. A. The editorial management of The Jour- 
nal of Nutrition shall be vested in an Editorial 
Board consisting of an Editor and twelve Board 
Members. B. The Editor shall be chosen by the 
Editorial Board to serve a term of five years begin- 
ning July 1 of the year in which he is chosen, and 
shall bo eligible for rcelcction. The Editor shall 
have the power to designate one of the Board Mem- 
bers to serve as his assistant, and such an ap- 
pointee shall be called Associate Editor. C. Three 
members of the Institute shall be nominated by the' 
Nominating Committee for membership on the 
Editorial Board each year to serve a term of four 
years, replacing three retiring members and taking 
office May 1 of the year in which they are elected. 
In the event of a vacancy in the membership of the 
Editorial Board occurring through death or other 
reason, the Nominating Committee, for each such 
vacancy to be filled shall make an additional nom- 
ination. In this event the nominees elected who 
receive the greatest number of votes shall serve 
the longest term of vacancies to bo filled. D. Re- 
tiring members of the Editorial Board shall not be 
eligible for renomination until one year after their 
retirement. 

AnxicLE VIII— -Papers on Scientific Subjects 

Section 1. The Secretary shall bo authorized 
to arrange programs for the scientific sessions at 
the annual meetings. 

AnTicLE IX — Changes in Constitution and 
By-Laws 

Section 1. Proposed changes in the Constitution 
and By-Laws must be sent in writing to the Secre- 
tary at least one month before the date of the 
meeting at which they are to be considered, and 
must be signed by at least three members'. The 
Secretary shall send a printed copy of any pro- 
posed change to each member at least two weeks, 
before the next meeting and shall notify all mem- 
bers that they may vote by proxy. 

Sec. 2. If at this meeting two-thirds of the votes 
cast shall favor the proposed change, it shall be 
made. 
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THE AMERICAN ASSOCIATION OF IMMUNOLOGISTS 

Founded June 19, 1913; Member of Federation 1943 


OFFICERS ELECTED"1942 

President — Jacques J. BRONFENBUENNEn, Wash- 
ington University School of Medicine, St. 
Louis, Mo. 

Secretary-Treasurer — .Arthur F. Coca, Pearl 
River, N. Y. 

Council — Jacques J. Bronfenbrenner, Ar- 
thur F. Coca, Michael Heidblberger, 620 W. 
168 St., New York City, Paul R. Cannon, Univer- 
sity of Chicago, Chicago, Rl., Karl F. Meyer, 
Medical Center, San Francisco, Cal., George P. 
Berry, University of Rochester, Rochester, N. Y., 
Donald T. Fraser, Connaught Laboratories, 
University of Toronto, Toronto, Canada, Sanford 
B. Hooker, (Ex officio), SO East Concord St., Bos- 
ton, Mass., John F. Enders, (Ex officio), Harvard 
University School of Medicine, Boston, Mass. 

PAST OFFICERS 

Presidents — 1913 Gerald B. Webb. 1915 Jaaies 
W. JoBLiNG. 1916 Richard Weil. 1917 John A. 
Kolmer. 1918 William H. Park. 1919 Hans 
Zinsser. 1920 Rufus I. Cole. 1921 Frederick 
P. Gay. 1922 George W. McCoy, 1923 H. 
Gideon Wells. 1924 Frederick G. Novy. 1925 
Wilfred H. Manwaring. 1926 Ludvig Hek- 
toen. 1927 Karl Landsteiner. 1928 Eugene 
L. Opie. 1929 Oswald T. Avery. 1930 Stanhope 
Bayne-Jones. 1931 Alphonse R. Dochez. 1932 
Augustus B. Wadsworth. 1933 Thomas M. 
Rivers. 1934 Francis G. Blake. 1935 War- 
field T. Longcope. 1936 Sanford B. Hooker. 
1937 Carl TenBroeck. 1938 Donald T. Fraser. 
1939 George P. Berry. 1940 Paul R. Cannon. 
1941 Karl F. Meyer. 1942, 1943 Jacques J. 
Bronfenbrenner. 

Vice-Presidents — 1913-1915 George W. Ross. 
1915 George P. Sanborn. 1916 John A. Kolmer. 
Secretary — 1913-1918 Martin J. Synott. 
Treasurer — 1913 — 1918 Willard J. Stone. 
Secretary-Treasurer — 1918-da^e. ArthurF.Coca. 

CONSTITUTION AND BY-LAWS 
Adopted April 6, 1917 
Article I 

Section 1. This Association shall be called “The 
American Association of Immunologists.” 

Sec. 2. The purpose of the Association shall be 
to study the problems of immunology and its ap- 
plic.ation to clinical mcdiciife. 

Article II 

Section 1. The Association shall be governed by 
a Council of seven, which shall consist of the 


officers of the association and enough active mem- 
bers to make a total of seven members. 

Sec. 2. The officers of the Association shall be a 
President, a Secretary, and a Treasurer, who shall 
be nominated annually by the Council, and elected 
by the Society to serve for one year. Nominations 
of officers may be made also by members of the 
Society. 

Sec. 3. No councilor is eligible for re-election 
until after one year, except the Secretary and the 
Treasurer, who are eligible for re-election. 

Sec. 4. If any councilor without good and suf- 
ficient reason fails to attend two consecutive meet- 
ings of the Council he shall bo considered to have 
resigned. 

Sec. 5. The same person shall not serve as Presi- 
dent more than one year consecutively. 

Sec. 6. It is the duty of the Council to conduct 
the business of the Association and to elect the new 
members. Should a vacancy occur in the Council 
otherwise than by the expiration of the term of 
service, the Council -may elect a member to serve 
for the unexpired portion of the term. 

Article III 

Section 1. Active Members. Any one active^’ 
engaged in the sj'stematic study of problem^ re- 
lating to immunology shall be eligible to active 
membership. 

Article IV 

Candidates for membership shall be nominated 
by two active members of the Association who 
shall present in writing to the Council evidence o 
the fitness of the candidates to become members of 
the Association. 

Article V 

If a majority of the Council shall decide that the 
interests of the Society require the c.vp'^^sion o a 
member, the Secretary shall send a notice of is 
decision to each active member at least two wee 'S 
before the next annual meeting. At this mce mg 
the Secretary shall, on behalf of the Counci , pro^ 
pose the expulsion; and if two-thirds of the mem 
bers present vote for it, the member sha c 
expelled, his assessment for the current year s la 
be returned to him, and he shall cease to c 
member of the Society. 

Article VI 

Section 1. A quorum of the Council for 
transaction of all business shall be three. 

Sec. 2. Any number of members present at 
time appointed for the annual meeting o m 
elation, shall constitute a quorum. 
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BY-LAWS 

1. A regular meeting of the Association shall bo 
held annually at such time and place ns the Council 
shall detcrnainc. 

2. Special meetings of the Association may be 
held at the discretion of the Council. 

3. These regular and special meetings shall bo 
open to all members of the Association. 

4. A meeting of the Council shall bo held shortly 
before each annual session of the Association. 

5. Hereafter each Councilor shall serve for a 
period of six years. Under this rule the service of 
one member and also that of the Secretary-Treas- 
urer terminates at the meeting of 193G. At that 
meeting tn’o members shall be elected to the Coun- 
cil, one of whom may servo as Secretary -Treasurer. 
Thereafter the period of service of these two mem- 
bers shall run concurrently; hence, two members 
must be elected to the Council every six years in 
order to maintain a membership of seven. 

6. Past Presidents arc honorary members of the 
Council. 

7. The titles of all communications to be pre- 


sented before the Association shall be approved by 
the Council. 

S. Failure of an active member to offer a paper at, 
least once in three years shall be equivalent to 
resignation. If in its judgment there is sufficient 
reason the Council may, in individual eases, sus- 
pend this rule. 

9. The dues of the Association shall be fixed 
annually by the Council. 

10. Failure to pay dues for three successive years 
shall constitute annulment of membership. 

11. Thd constitution and by-laws may bo 
amended by a two-thirds vote of the active mem- 
bers present at any regular meeting. 

12. No amendment shall bo adopted at the meet- 
ing at which it is proposed. 

13. The Journal of Immunology, which is the 
property and official organ of this Association, 
shall be administered for the Association by an 
editorial staff to consist of an Editor-in-Chief and 
at least three Associate Editors, with the advice of 
a “Board of Editors. 

14. The members of the editorial staff shall be 
elected or may be removed by a majority vote of 
the Council of the Association. 
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ALPHABETICAL LIST OF ALL MEMBERS OF THE SIX SOCIETIES 

The parenthesis following each listed name gives the Society affiliation and year of election: 

(1) The American Physiological Society* 

(2) The American Society of Biological Chemists 

(3) The American Society for Pharmacology and Experimental Therapeutics 

(4) The American Society for Experimental Pathology 

(5) The American Institute of Nutrition 

(6) The American Association of Immunologists 


HONORARY MEMBERS 

Castaneda, M. Ruiz, M.D. Investigacioncs Medi- 
cas, Hospital General, Mexico, D. F. Director, 
Department of Medical Research. (6, 1942) 
Chopra, R. N., M.A., M.D., Sc. D. (Cantab), 
F.R.C.P. (London) P.I.E. School of Tropical 
Medicine, Calcutta, India. Director; Professor 
of Pharmacology. (3, 1938) 

Dale, H. H. Medical Research Council, National 
Institute for Medical Research, Hampstead, 
London, N.W. 3, England. Director, National 
Institute for Medical Research. (3, 1926) 
Flexner, Simon, M.D., Sc.D.(hon.), LL.D. 520 
E. 86th St., New York City. Emeritus Director, 
Rockefeller Institute for Medical Research. 
(6, 1920) 

Hektoen, Ludvig, M.D. 629 S. Wood St., Chicago, 
111. President, Chicago Tumor Institute. (6, 
1919) 

Hitchens, Arthur P., M.D. Medical School, 
University of Pennsylvania, Philadelphia. Pro- 
fessor of Public Health and Preventive Medicine; 
Li. Col., M.C., U.S.A. (6, 1913) 

Houssay, Bernardo A., M.D. Viamonte 2790, 
Buenos Aires, Argentina. (1, 1942) 

Huntoon, F. M., M.D. Woodbridge, Conn. (G, 
1918) 

Loewi, Otto, M.D. New York University College 
of Medicine, 477 First Ave., New York City 
Research Professor in Pharmacology. (3, 1941) 
McCoy, George Walter, M.D. Louisiana State 
University Medical School, New Orleans. 
Director, Department of Public Health. (6, 
1916) 

Novy, Frederick G., M.D., Sc.D,, LL.D. 721 
Forest Ave., Ann Arbor, Mich. Dean Emeritus 
and Professor Emerihts of Bacteriology, Medical 
School, University of Michigan. (6,1920) 
Rosenau, Milton J., M.D., A.M. Medical School, 
University of North Carolina, Chapel Hill. 
Director, School of Public Health; Professor of 
Epidemiology, School of Public Health. (6, 
1918) 

* Recommended by the Council of the American 
Physiological Society for election at the next an- 
nual meeting of the Society. 


Sherrington, Sir Charles S., O.M., Sc.D., M.D,, 
F.R.S. "Broomside,” Valley Road, Ipswich, 
England. Former Wayneflete Professor of Physi- 
ology, Oxford University; Former President oj 
the Royal Society. (1, 1904) 

Sordelli, A. Institute of Bacteriology, Depart- 
ment of Public Health, Buenos Aires, Argentina. 
Director. (G, 1942) 

Straub, Walther, M.D. University of Munich, 
Germany. (3, 1927) 

MEMBERS 


Abels, Jules C., M.D. Memorial Hospital, 444 E. 
68th St., New York City. Assistant Attending 
Physician. (4, 1944) 

Abramson, David L, M.D. Mayo General Hos- 
pital, Galesburg, 111. Capi. M.C. (L 1937) 
Abramson, Harold A., M.D. 133 E. 68th St., 
New York City. Assistant Professor of Physi- 
ology, College of Physicians and Surgeons, 
Columbia University. (1, 1930 ; 2, 1934) 

Abreu, BenedictE., M.S.,Ph.D., Division of Phar- 
macology, Univ. of California Medical School, 
San Francisco. Assistant Professor of Pharma- 
cology. (3, 1941) 

Acheson, George H., ^M.D. Harvard Medical 
School, 25 Shattuck Bt., Boston, Mass. Associate 
in Pharmacology. (1, 1942; 3, 1945) 

Adams, Mildred, M.A., Ph.D. Takamine Laborer 
tory, Clifton, N. J. Research Chemist. (2< 
1934) 

Adams, R. Charles, M.D., C.M., M.S. (Anes- 
thesiology), Mayo Clinic, Rochester, Mmn. 
Instructor in- Anesthesia, Mayo Foundaiton, 
University of Minnesota. Member of 
Clinic Staff, Section on Anesthesia. (3, 1942) 
Adams, W. Lloyd, M.A., Ph.D. Albany xMedical 
College, 357 Morris St., Albany, N. Y. Assistant 
Professor of Physiology and Pharmaco ogv- 


(3, 1942) ' 

Addis, Thomas, M.D., M.R.C.P. Lane Hospital. 
San Francisco, Calif. Professor of Me ictnc, 
Stanford University. (1. 1922) ..t w 

Addison, William H. F., M.D. School of Medi- 
cine, University of Pennsylvania, PhiladelpW • 
ProfesBOT of Histology Embryology* 
1928) 
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Ades, Harlow WhilinR, Ph.D.* Box “31, Emory 
University, Gn, (1, 1915) 

Adler, Harry F., M.S., Ph.D., M.D, Dept. 
Plivsiologv, S. .\. M., Rniulolph Fiekl, Texas. 
(I,'l9!3)' 

Adolph, Edward Frederick, Ph.D. School of 
Medicine and Dentistry, University of Roches- 
ter, Rochester, N. Y. Associate Professor of 
Physiology. (1, 1921) 

Adolph, IVilliam H., Ph.D. School of Xutrition, 
Cornell University, Ithnca, X. Y. (.1, 1931) 
AhlquisI, Raj'mond P., M.S., Ph.D. Dept, of 
Pliarmacology, Univ. of Georgia Sehool of Medi- 
cine, Augusta. Assistant Professor of Pharma- 
cology. (3, 19-15) 

Albancse, Anthony A., Ph.D- G-7 Tower Lahy., 
Children’s Mcdic.al Service, Bellevue Hospital, 
Xcw York, N. Y. Assistant Professor of Pedi- 
atric Biochemistry, New York Unirersity College 
of Medicine. (2,1944) 

Albritton, Errett C., M.D, George Washington 
University Medical School, 1339 H St., N.W., 
Washington, D. C. Professor of Physiology and 
Head of the Department of Physiology. (1, 1933) 
^Igirc, Glenn H., M.D. Xational Cancer Insti- 
tute, Bethesda, Md. Senior Assistant Surgeori, 
V.S. Public Health Service. (4, 1945) 

Allan, Frank N,, M.D. Lahey Clinic, 005 Com- 
monwealth Ave., Boston, Mass. Co-director of 
the Medical Department. (4, 1930) 

Mien, Charles Robert, Ph.D.* University of 
Te.xas, School of Medicine, Galveston, Assistant 
Professor of Department of Anesthesiology. (1, 
1943) 

Allen, Frederick M., AI.D. 1031 Fifth Ave., 
New York City, Professor of Medicine, Poly- 
.clinie Medical School and Hospital. (1, 1924; 
4. prior to 1920) 

Alien, J. Garrott, M.D.* University of Chicago, 
University Clinics, Chicago, HI. Instructor in 
Surgery. (I, 1943) 

Allen, Lane, M.S., Ph.D., M.D. University of 
Ueorgia School of Medicine, University Place, 
Augusta. Associate Professor of Anatomy. 
U, 1939) 

Allen, Shannon C., Ph.D.* 1933 Victoria Ave., 
%ton,0. Captain, A.C. (1, 1945) 
en, Willard M., M.D. Washington University 
chool of Medicine,- 6^0 S. Kingshighway Blvd., 
■ Louis, Mo, Professor of Obstetrics and 
^mcohgy. ( 1 , 1934 ) 

en, William P., Ph.D., D.Sc. University of 
'■egon Medical School, Portland. Professor of 
-'inofomy. (I, 1929) 

“es Gordon A., M.S., Ph.D. 770 S. Arroyo 
J'f'way, Pasadena, Calif. Lecturer in Phar- 
^^^uersily of California Medical 
ool, San Francisco, and Research Associate 
p California Institute of Technology, 

^ usadena . (i, 1932. 3, 1941) 


Almquist, Herman J., Ph.D. F. E. Booth Co. Labo- 
ratories, 1290 Powell St., Emeryville, Calif. 
Director of Research. (2, 1937 ; 5, 1937) 

Alvarez, AValtcr C., M.D. Mayo Clinic, Roches- 
ter, Minn. Professor of Medicine, Mayo Foun- 
dation. (1, 1917; 3, 1921) 

Alving, Air Sven, M.D. Billings Hospital, Uni- 
versity of CIncago, 950 E. 59th St., Chicago, 111. 
Associate Professor of Medicine. (1, 1939) 
Ambcrg, Samuel, M,D., F.A.A.P. Mayo Clinic, 
Rochester, Minn. Associate in Pediatrics, Ma^ja 
Clinic; Associate Professor of Pediatrics, Mayo 
Foundation (I. 1903; 2, 1900 ; 3, 1909) 

Amberson, William K., Ph.D. University of 
Maryland Scliool of Medicine, Baltimore. Pro- 
fessor of Physiology. (1, 1924) 

Ambrose, Anthony M., M.S., pLd. Western Re- 
gional Rescarcli Laboratory, 800 Buchanan St., 
•Albany, Calif. Pharmacologist, V. S. Depart- 
ment of Agricxdlurc, Bureau of Agricultural 
Chemistry and Engineering. (3, 1937) 

Amoss, Harold L., M.D., M.S., Dr.P.H., Sc.D. 21 
Field Point Road, Greenwich, Conn. (4, 1922; 6, 
1917) 

Andersch, Marie A., Ph.D. University Hospital, 
Baltimore, Md. Biochemist, University Hospital, 
Instructor in Medicine, University of Maryland. 
(2, 1940) 

Andersen, Dorothy H., M.D. Babies Hospital, 
Broadw'ay and 167th St., New’ York City. 
Associate in Pathology, Columbia University. 
(4, 1935) 

Anderson, Evelyn M., M.A., M.D, University of 
California Hospital, San Francisco. Assistant 
Professor of Medicine. (1, 1934) 

Anderson, Hamilton H., M.S., M.D. Pharma- 
cology Laboratory, Univ. of California Medical 
School, San Francisco. Professor of Pharma- 
cology. (3, 1931) 

Anderson, Oscar Daniel, Ph.D, Stimson Hall, 
Cornell University, Ithaca, N. Y. Assistant 
Professor of Physiology. (I, 1939) 

Anderson, Rudolph J., Ph.D. Sterling Labora- 
tory, Yale University, New Haven, Conn. 
Professor of Chemistry, (2, 1915) 

Anderson, W. A. D., M.A., M.D. Alarquette 
University School of Medicine, Milwaukee, 
Wis. Professor of Pathology and Bacteriology. 
(4, 1941) 

Anderson, William E., M.A. Eastern State 
Farmers’ Exchange, W'estbrook Farm, Rockville, 
Conn. Biochemist. (2, 1931; 5, 1933) 
Andervont, H. B., Sc.D. National Cancer Insti- 
tute, Bethesda, Md. Principal Biologist, U. S. 
Public Health Service. (4, 1939) 

Andrews, James C., Ph.D. University of North 
Carolina, Chapel Hill. Professor of Biological 
Chemistry and Nutrition. (2, 1925) 

Andrus, E. Cowies, M.D. Johns Hopkins Hospi- 
tal, Baltimore, Md. Assistant Visiting Physi- 
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dan; Assodale Professor of Medicine, Johns 
Hopkins University. (1, 1925) 

Angerer,' Clifford, Ph.D.* Ohio State University, 
Coiumbus. Instructor in Physiology. (1, 1943) 
Angevine, D. Murray, M.D. Alfred I. du Pont 
Institute, Wilmington, Del. Pathologist; Visit- 
ing Assistant Professor of Pathology, University 
of Pennsylvania. (4, 1940) 

Angier, Roswell Parker, Ph.D. c/o Los Ranchos 
Perkins, Tucson, Ariz. Professor of Psychology, 
Yale University. (1, 1906) 

Ansbacher, Stefan, M.S., D.Sc. American Home 
Products Corp., Products Development Laby., 
350 Fifth Ave., New York City. Scientific Direc- 
tor. (2, 1939) 

Anson, Mortimer L., Ph.D. Continental Foods, 
Inc., Hoboken, N. J. Director of Chemical 
Research. (2, 1937) 

Apperly, Frank L., M.A., D.Sc., M.D;, F.R.C.P. 
Medical College of Virginia, Richmond. Profes- 
sor of Pathology. (4, 1936) 

Arkin, Aaron, M.A., M.D., Ph.D. Suite 2006, 
25 E. Washington St., Chicago, III. Rush 
Professor of Medicine, U . of III. Prof, and Chair- 
man, Dept, of Medicine, Cook County Graduate 
School. (1,1914; 3, 1919) 

Armstrong, Philip B., M.D.* College of Medicine, 
Syracuse Univ., Syracuse 10, N. Y. Professor of 
Anatomy. (1, 1945) 

Armstrong, W. D., M.S., M.D., Ph.D. Medical 
Sciences Bldg., University of Minnesota, Min- 
neapolis. Professor of Physiological Chemistry. 
(2, 1938) 

Arnold, Lloyd, A.M., M.D. 1538 E. 57th St., 
Chicago, 111. (4, 1930; 6, 1925) 

Arnow, L. Earle, Ph.D., M.D. Medical Research 
Division, Sharp and Dohme, Glenolden, Pa. 
Director of Research. (2, 1940) 

Aronson, Joseph D., M.D, Phipps Institute, 
University of Pennsylvania, Philadelphia 4. 
Associate Professor of Bacteriology. (4, 1927; 
6, 1925) 

Artom, Camillo, M.D. Bowman Graj' School of 
Medicine, Winston-Salem, N. C. Professor of 
Biochemistry. (2, 1944) 

Ascham, Leah, Ph.D. Kansas State College, 
Manhattan. Professor, School of Home Eco- 
nomics. (5, 1935) 

Asenjo, Conrado F., Ch.E., M.S., Ph.D. Dept, of 
Chemistry, School of Tropical Medicine, San 
Juan, Puerto Rico, Associate Professor of 
Chemistry, School of Tropical Medicine of the 
University of Puerto Rico under the Auspices of 
Columbia University. (2, 1944) 

Ashby, Winifred M., Ph.D. 305 10th St., N.E., 
Washington, D. C. Senior Scientist, Federal 
Security Agency (St. Elizabeth’s Hospital). 
(6, 1923) 


Ashman, Richard, M.S., Ph.D. School of Medi- 
cine, Louisiana State University, New Orleans. 
Professor of Physiology. (1, 1925) 

Astwood, Edwin Rennet, M.D., C.M., Ph.D. 
Pralt Diagno.stic Hospital, 30 Bonnet St., Bos- 
ton, Mass. Research Professor of Medicine at 
Tufts Medical School. ■ (1, 1939) 

Aub, Joseph C., M.D. Massachusetts General 
Hospital, Boston 14. (I, 1919; 5, 1933) 

Auer, John, M.D. 1402 S. Grand Blvd., St. Louis, 
Mo. Professor of Pharmacology and Director 
of the Department, St. Louis University School 
of Medicine. (1, 1905; 3, 1908) 

Austin, J. Harold, M.D. 711 Maloney Clinic, 
36th and Spruce Sts,, Philadelphia, Pa. Direc- 
tor, Pepper Laboratory. (2, 1922) 

Austin, Richard Sisson, M.D. Cincinnati General 
Hospital, University of Cincinnati, Cincinnati, 
0. Professor of Pathology. (4, 1927) 

Avery, O. T., M.D., Sc.D., LL.D. Hospital of 
the Rockefeller Institute, 66th St. and York 
Ave., New York City. Member Emeritus, 
Rockefeller Institute for Medical Research. 
(4, 1921; 6, 1920) 

Axtmayer, Joseph H., A.M., Ph.D. School of 
Tropical Medicine, San Juan, Porto Rico. 
Associate Professor of Chemistry. (5, 1935) 
Ayo, Corrado, M.D. 1st Lt. M.C., 309 General 
Hospital, Ft. Jackson, S. C. Atg. Chief Lab. 
Soc. (6, 1944) 

Babkin, B. P., M.D., D.Sc., F.R.S.C. McGill 
University, Montreal, Canada. Professor of 
Physiology. (1, 1924) 

Bacliem, Albert, Ph.D. College of Medicine, 
University of Illinois, 1853 W. Polk St., Chicago. 
Professor of Biophysics. (1, 1933) 

Bachman, Carl, M.D. Mobile Hospital No. o, 
c/o Fleet P. 0., San Francisco, Calif. Lieut. 
Commander. (2, 1941) 

Bachmann, George, M.S., M.D., F.A.C.P. lO^S 
Lullwater Road, N.E., Atlanta, Ga. Professor o} 
Physiology, Emory University School of Medi- 
cine. (1, 1912) 

Baer, Erich, Ph.D. Banting Institute, 100 College 
St., Toronto, Canada. Assistant Research Pro- 
fessor of Organic Chemistry, University of 
Toronto. (2, 1942) 

Baernstein, Harry D., M.S., Ph.D. Nationa 
Institute of Health, Bethesda, Md. Biochcmtsl. 
(2. 1934) 

Baefjer, Anna M., D.Sc. Johns Hopkins School 
of Hygiene and Public Health, 615 N. Wolfe St-i 
Baltimore 5, Md. Assfstani; Professor of Physi- 
ological Hygiene. (1, 1929) 

Bahrs, Alice M., M.A., Ph.D. The Martha Wash- 
ington Hotel, 10th and Montgomery Sts., Port- 
land, Ore. (1, 1933) 
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Bailey, Cameron Vernon, M.D., C.M. 303 E, 
20th Si., New York City. Clinical Projatsor of 
Medicine, jVew York Post-Gradualc Medical 
School, Columbia University. (2, 1020; 5, 1933) 
Bailey, Orville T., M.D. Harvard University 
Medical School, 25 Shnttnek St., Boston, Mass. 
Associate in Paiholotiy. (4, 1939) 

Bailey, Percival, M.D,, Ph.D. University of 
Illinois College of Medicine, 912 S. Wood St., 
Chicago, Professor of Neurology and Ncuto~ 
surgery. (1, 1941) 

Baitscll, George Alfred, A.M., Ph.D. Yale 
University, Osborn Zoological Laby., 105 Pros- 
pect St., New Haven, Conn. Professor of Biology. 
(1,1915) • 

Baker, A. B., M.D. University' of Minnesota 
Medioal School, 125 Millard Hall, Minneapolis. 
Associate Professor of Neuropsychiatry and 
Mcuropalhology. (4, 1940) 

Baker, Roger D., M.D, Medical College of 
-Mabanm, Birmingham 6 . Professor of Pathol- 
ogy. (4, 1939) 

Baldes, Edward J., A.M., Ph.D. Mayo Founda- 
tion, Rochester, Minn. Assistant Professor of 
Physics, Mayo Foundation, Graduate School, 
Unicersity of Minnesota. (I, 1930) 

Baldwin, Francis Marsh, .A.M., Ph.D. University 
of Southern California, Los Angeles. Professor 
of Zoology and Director of Experimental Marine 
Biology. (1, 1919) 

Bale, William F., Ph.D.* University of Rochester, 
School of Medicine and Dentistry, Rochester, 
N, y. Assoeiale in Radiology. (1, 1943) 

Ball, Eric G., M.A., Ph.D. Harvard Medical 
School, Boston, Mass. Associate Professor of 
Biological Chemistry. (2, 1934) 

Ball, Howard A., M.D. San Diego County General 
Hospital, N. Front St., San Diego, Calif. Path- 
ologist, San Diego County General and Paradise 
Valley Hospitals. (4, 1937) 

Balls, Arnold Kent, Ph.D. Enzyme Research Lab- 
oratory, U. S. Bureau of Agricultural and In- 
dustrial Chemistry, Western Regional Research 
kahoratory, 800 Buchanan St., Albany 6, Calif. 
Head Chemist; Adjunct Professor, The George 
B'ashinglon University (on leave). (2, 1932) 
“anus, Mario Garcia, M.Sc., D.Sc. Tufts College 
ledical School, Boston, Mass. Associate Pro- 
■ of Physiology. (1, 1927) 

“Md, Philip, A.M.. Ph.D. Johns Hopkins Uni- 
'ersity School of Medicine, 710 N. Washington 
t-i Baltimore, Md. Professor of Physiology; 
‘ ember National Academy of Sciences. (1, 1929) 
“arker, s. B., Ph.D. College of Medicine, State 
niversity of Iowa, Iowa City. Assistant Pro- 
fessor of Physiology. (I. 1938) 
nw’ W., M.D., Ph.D. R.P.D. 

arwick Road, Winchester, N. H. (1, 1936; 

1944 ^ 


Rarncs, B. O., A.M., Ph.D. 2220 S. St. Paul, 
Denver, Colo. Professor of Health Education, 
University of Denver, Station Hospital, KAAF, 
Kingman, Ariz. (1, 1932) 

Barnes, LnVerne A., M.S., Ph.D. Alta Vista Rd., 
Bcthc-sda, Md. Lieutenant, //-F(S), U.S.N.R. 
(Epidemiology and Sanitation Unit, National 
Naval Alcdieal School). (G, 1931) 

Rarncs, Richard Henry, Ph.D. Sliarp & Dohino, 
GIcnolden, Pa. Director of Biochemical Re- 
search, Medical Research Division. (2, 1941 ; 
5, 1914) 

Barnes, Tliomas C., D.Sc. Hahnemann Medical 
College, Philadelphia, Penna. Associate Profes- 
sor of Physiology. (l,iQi2) 

Barott, Herbert G.. E.E. U. S. Department of 
Agriculture, National Agricultural Research 
Center, Bcltsvillo, Md. Biophysicist, Animal 
Nutrition Division, Bureau of Animal Industry. 
(5, 1938) 

Barrera, S. Eugene, M.D. Albany Medical College, 
New Scotland Ave., Albany, N. Y. (1, 1937) 
Barron, Donald H., M.S., Ph.D., M.A. (Cam- 
bridge)* Yale University School of Medicine, 
New Haven, Conn. Associate Professor of Phys- 
iology. (1, 1943) , 

Barron, E. S. Guzman, M.D. Department of 
Medicine, University of Chicago, Chicago, 111. 
Assistant Professor of Biochemistry. (2, 1931) 
Bartley, S. Howard, Ph.D. Dartmouth Ey'e 
Institute, Dartmouth College, Hanover, N. H. 
Assistant Professor of Research in Physiological 
Optics. (1, 1935) 

Bass, Allan D., M.S., M.D. o/o G. C. Thompson, 
Manchester, Ga. Professor of Pharmacology, 
Syracuse University. On leave of absence in the 
Service. (3, 1944) 

Batchelder, Esther L., A.M., Ph.D. Rhode Island 
State College, School of Agriculture and Home 
Economics, Kingston. Head of Department of 
Home Economics. (5, 1933) 

Bateman, John B., Ph.D.* Mayo Aero Medical 
Unit, Mayo Clinic, Rochester, Minn. Associate. 
(1, 1945) 

Bates, Robert W., Ph.D. E. R. Squibb and Sons, 
Biological Laboratories, New Brunswick, N. J. 
Head, Endocrine Products Dept. (2, 1936) 
Batterman, Robert C„ M.D. New York Univer- 
sity College of Medicine, 477 First Ave., New 
York City. Instructor in Therapeutics. (3, 
1941) 

Baadisch, Oskar, Ph.D. Saratoga Springs, N. Y. 
Director of Research, Saratoga Springs Author- 
ity, Stale of New York. (2, 1931) 

Bauer, Johannes H., M.D. Rockefeller Founda- 
tion, 49 W. 49th St., New York City. Associate 
Director, International Health Division of the 
Rockefeller Foundation. (4, 1935) 
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Bauer, Walter, M.D. Massachusetts General 
Hospital, Boston. Associate Professor and Tu- 
tor in Medicine, Harvard Medical School; 
Colonel, MC, Army Service Forces Hq. 8lh Service 
Command, Dallas, Texas. (1, 1929) 

Bauman, Louis, M.D, Presbyterian Hospital, 
New York City. Professor of Clinical 

Medicine, Columbia University. (2, 1912) 
Baumann, Carl A., M.S., Ph.D. Biochemistry 
Dept., University of Wisconsin, Madison. 
Associate Professor of Biochemistry. (2, 1938; 

5, 1938) 

Baumann, Emil J., Ph.D. 7 Church Lane, Scars- 
dale, N. Y. Chemist, Montefiorc Hospital. (2, 
1922) 

Baumberger, J. Percy, M.S., Sc.D. Stanford 
University, Calif. Professor of Physiology. 
(1, 1921) 

Bayne-Jones, Stanhope, M.D. A^ale University, 
School of Medicine, New Haven, Conn. Pro- 
fessor of Bacteriology. (4, 1927 ; 6, 1917) 
Bazett, Henry C., M.A., M.D., F.R.C.S. Uni- 
versity of Pennsylvania, School of Medicine, 
Philadelphia. Professor of Physiology. (1, 
1921) 

Beach, EHot F., Ph.D. 2nd Port Headquarters, 
Surgeon’s Office, APO 322, San Francisco, Calif. 
Captain, Sanitary Corps. (2, 1941; 5, 1942) 
Bean, John W., M.S., Ph.D., M.D. University 
of Michigan, Ann Arbor. Professor of Physiol- 
ogy. (1, 1932) 

Beard, Howard H., M.A., Ph.D. Chicago Medical 
School, 710 S. Wolcott Ave., Chicago, 111. Profes- 
sor of Biological Chemistry. (2, 1928; 5, 1933) 
Beard, Joseph W., M.D. Duke Hospital, Durham, 
N. C. Associate Professor of Surgery. (4, 1938; 

6, 1940) 

Beazell, James Myler, Ph.D., M.D. 2118 Hayden, 
Amarillo, Texas. Captain, MC, A US; Instructor 
in Physiology and Pharmacology, Northwestern 
University School of Medicine. (1, 1939) 

Beck, Claude S., M.D. Lakeside Hospital, Cleve- 
land, 0. Professor of Neurosurgery, Western 
Reserve University; Associate Surgeon, Lakeside 
Hospital. (4, 1930) 

Beck, Lyle V., M.S., Ph.D. Hahnemann Medical 
College, 235 N. 15th St., Philadelphia, Pa. 
Associate Professor of Physiology. (1, 1941) 
Becker, Ernestine, M.A. Johns Hopkins Univer- 
sity, Baltimore, Md. Associate in Biochemistry. 
(5, 1938) 

Becker, R. Frederick, M.S., Ph.D. Northwestern 
University Medical School, 303 E. Chicago Ave., 
Chicago, 111. Instructor in Anatomy. (1, 1941) 
Becker, Theodore J., M.A., Ph.D. Winthrop 
Chemical Co., Rensselaer, N. Y. Research 
Pharmacologist. (3, 1944) 

Beckman, Harry, M.D. Marquette University 
School of Medicine, Milwaukee, Wis. Professor 


and Director of the Department of Pharmacology. 
(3, 1937) 

Beecher, Henry K., M.D. Massachusetts General 
Hospital, Boston. Dorr Professor of Researchin 
Anaesthesia, Harvard Medical School; Anes- 
thetist-in-Chief, Massachusetts General Hospital. 
(3, 1940) 

Behre, Jeanette Allen, Ph.D. Department ol 
Biochemistry, College of Physicians and Sur- 
geons, 030 W. 168th St., New York City. Associ- 
ate. (2, 1925) 

Belding, David L., M.D, Boston University 
School of Medicine, Boston, Mass. Professor of 
Bacteriology and Experimental Pathology, (k 
1927) 

Belding, Harwood S., Ph.D.* Fatigue I.aboratory, 
Harvard University, Soldier’s Field, Boston, 
Mass. Assistant Professor of Industrial Physiol- 
ogy. (1, 1945) 

Bell, E. T., M.D. 110 Anatomy Bldg., University 
of Minnesota, Minneapolis. Professor of Path- 
ology. (4, 1931) 

Benedict, Francis Gano, Ph.D., Sc.D., H.D. 
Macliiasport, Me. Member of the National 
Academy of Sciences. (1, 1904; 2, 1906) 

Benharn, Olive Ray, B.S. Connecticut State 
Department of Health, Bureau of Laboratories, 
Hartford. Chief Serologist. (6, 1944) 

Bennett, A. Lawrence, .Ph.D., M.D. College of 
Medicine, University of Nebraska, Omaha. 
Professor of Physiology and Pharmacology. 


(1. 1941) . . 

Bennett, Granville A., M.D. University of Illinois 
College of Medicine, 1853 West Polk Street, 
Chicago. Professor of Pathology. (4, 1931) 

Bennett, Leslie L., M.D.* University of Cali- 
fornia, Berkeley 4. Assistant Professor of 
Physiology. (1, 1945) 

Bennett, Mary Adelia, M.A., Ph.D. Lanke^n 
Hospital Research Institute, Philadelphia, a. 


lesearch Biochemist. (2, 1941) 
nson, Clara C., Ph.D. 160 Dorset St., 6® > 
’ort Hope, Ontario, Canada. Professor Emen- 
MS of Food Chemistry, University of Toronto. 
2, 1906) 

rg, Benjamin N., M.D. 630 W. 168th ■> 

Tew York City. Associate in Pathology, 
lolumbia University, College of Physicians an 
hirgeons. (4, 1928) 

rg, Clarence P., M.A., Ph.D. Chemistry 
lartment. State University of Iowa, 1°'^“ ‘ 
Professor of Biochemistry. (2, 1933; 5, ■ 
rg, William N., Ph.D. 225 W, 106th St., 

I'ork City. Biochemist. (2, 1906) 

rgeim, Olaf, M.S.. Ph.D. - 1853 W- 
Chicago, 111. Associate Professor of^ - 

al Chemistry, University of Illinois Co 9 
ledicinc. (1, 1916; 2, 1914) 
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Bergmann, Werner, Ph.D. Sterling Chemistry 
Building, Yale University, Non- Haven, Conn. 
Associate Professor. (2, 1931) 

Berkson, Joseph, M.A., M.D., D.Sc. 2M1 Eye St., 
X.W., Washington, D. C. ,-lssoc!fl/c Professor, 
Biometru and Medical Statistics, Mayo Founda- 
tion, University of Minnesota. Col. AUS. (1, 
1933) 

lernheim, Frederick, Ph.D. Box 3109, Duke 
Medical School, Durham, N. C. Associate 
Professor of Physiology and Pharmacology. 
(2, 1933; 3, 1935) 

Jernthal, Theodore G., M.S., M.D. Vanderbilt 
University School of Medicine, Nashville, Tenn. 
Associate Professor of Physiology. (I, 1932) 
lerry, George Packer, M.D. University of 
Rochester, Rochester, N. Y. Assistant Dean; 
Professor of Bacteriology; Associate Professor of 
Medicine. (4, 1938; G, 1934) 

Besscy, Otto A., Ph.D. Public Health Research 
Institute of the City of New York, Inc., Foot 
of E. 15th St., New York City. Director of the 
Institute, Chief of the Division of Xuirilion and 
Physiology. (2, 1938) 

Best, Charles Herbert, C.B.E.,M.A.,M.D., D.Sc. 
(London), D.Sc. (Chicago), F.R.S. University 
of Toronto, Toronto, Ont., Canada. Director, 
Banting and Best Department of Medical Re- 
search and Department of Physiology, (1, 1923; 

2, 1923) 

Bethell, Frank H., M.D. 409 Lenawee Drive, 
Ann Arbor, Mich. Assistant Professor of Inter- 
nal Medicine and Assistant Director of the 
Thomas Henry Simpson Memorial Institute. 
(4, 1936) 

Bethke, Roland M., M.S., Ph.D. Ohio Agricul- 
tural'Experiment Station, Wooster. In Charge 
of Nutritional Investigations. (2, 1928; 5, 1933) 
Beutner, R., M.D., Ph.D. 235 N. 15th St., 
Philadelphia, Pa. Professor and Head of De- 
portment of Pharmacology, Hahnemann Medical 
College. (1, 1924 ; 3, 1924) 

Beyer, Karl H., Ph.D., M.D. Medical-Research 
DiviBion, Sharp and Dohme, Inc., P.O. Box 
'259, Glenolden, Pa. Director of Pharmacological 
Research. ( 1 , 1942; 3, 1944) 

Bieter, Raymond N., M.D., Ph.D. University of 
Minnesota, Minneapolis. Professor of Phar- 
macology. (3, 1930) 

Bills, Charles E.. M.A., Ph.D. Mead Johnson & 
^•iBvansville, Ind. Director of Research. (2, 
1923; 5, 1935) 

Bin^j, Franklin G., Ph.D. 1135 Fullerton Ave., 
hicago, HI. Director, American Institute of 
• ^hing; Assistant Professor of Physiology, 
t orthv>eslern University Medical School. (2, 
. “31; 5, 1934) 

lag, Richard J., M.D. Johns Hopkins Hospital, 


Baltimore 5, Md. Assistant Professor of Surgery. 
(1, 1942) 

Bingcr, Carl A„ M.D. 125 E. 73rd St., New York- 
City'. Assistant Professor of Clinical Medicine 
(Psychiatry), Cornell University Medical College. 
(1, 1927) 

Binkley, Stephen Bennett, M.S., Ph.D. Research 
Department, Parke, Davis & Co., Detroit, 
Mich. (2, 1941) 

Bisbey, Bertha, A.M., Ph.D. Gwynn Hall, 
University of Missouri, Columbia. Professor of 
Home Economics. (5, 1933) 

Bischotr, Fritz E., M.S., Ph.D. Cottage Hospital, 
Santa Barbara, Calif. Director of Research. 
(2, 1928; 5, 1933) 

Bishop, George H., Ph.D. Washington Univer- 
sity Medical School, Euclid and Kingshighway, 
St. Louis, Mo. Professor of Bio-Physics. (1, 
1923) 

Biskind, Gerson R., M.D. Mt, Zion Hospital, 
San Francisco, Calif. Pathologist, Mt. Zion 
Hospital; Clinical Instructor In Pathology, 
University of California Medical School. (4, 
1944) 

Black, Edgar C., Ph.D.* Dept, of Physiology, 
Dalhousie Univ., Halifax, Nova Scotia, Canada. 
(1, 1943) 

Blair, Edgar A., M.S., Ph.D. U. S. Army, General 
Section T.I.S., Fort Benning, Ga. Lt. Col. (1, 
1936) 

Blair, Henry A., M.Sc., Ph.D. University of 
Rochester School of Medicine and Dentistry, 
Rochester, N. Y. Associate Professor of Physi- 
ology. (1, 1934) 

Blake, Francis G., M.D., M.A. (hon.), So.D. 
Yale University School of Medicine, New Haven, 
Conn. Dean and Sterling Professor of Medicine. 
(4, prior to 1920; 6, 1921) 

Blankenhorn, M. A,, M.D. University of Cin- 
cinnati, Cincinnati, O. Professor of Medicine. 
(A, 1932) 

Blatherwick, Norman R., M.S., Ph.D., Sc.D. 
Metropolitan Life Ins. Co., 1 Madison Ave., 
New York City. Director of Biochemical 
Laboratory. (1, 1915; 2, 1915; 5, 1934) 

Blau, Nathan F., Ph.D. Fine Chemicals Division 
of Ivano, Inc., 184 Commercial St., Malden, 48, 
Mass. Research Chemist. (2, 1928) 

Blish, Morris J., M.A., Ph.D. Amino Products 
Company, Rossford, 0. Research Director. (2, 
1944) 

Bliss, Chester Ittner, Ph.D. Conn. Agr. Expt. 
Sta., P. O. Box 1106, New Haven. Biomeirician, 
Lecturer in Biometry, Yale University. (3, 
1944) 

Bliss, Eleanor A., Sc.D. Department of Preven- 
tive Medicine, Johns Hopkins Hospital, 615 
N. ■jj'olfe St., Baltimore, Md. Associate in 



312 


FEDERATION PROCEEDINGS 


Preventive Medicine, Johns Hopkins University, 
School of Medicine. (G, 1931) 

Bliss, Sidney, Ph.D. Tulane University, Now 
Orleans, La. Professor of Biochemistry, School 
of Medicine. (2, 1928) 

Bloch, Konrad, Ph.D. 630 W. IGSth St., New York, 
N. Y. Associate in Biochemistry, Columbia 
University. (2, 1944) 

Block, Richard J., Ph.D. 15 Cooper Rd., Scarsdale, 
N. Y. Director of Research, C. M. Armstrong 
Co.; Associate, Department of Physiology and 
Biochemistry, New York Medical College, Flower 
and Fifth Avenue Hospital. (2, 1934; 5, 1933) 
Block, Walter D., M.S., Ph.D. University Hos- 
pital, Ann Arbor, Mich. Assistant Professor of 
Biological Chemistry, Rackham Arthritis Re- 
search Unit. (2, 1942) 

Bloom, William, M.D. 1419 E. 56th St., Chicago, 
111. Professor of Anatomy, University of Chi- 
cago. (4, 1930) 

Bloomfield, A. L., M.D. Stanford University 
Hospital, San Francisco, Calif. Professor of 
Medicine. (3, 1927 ; 4, 1927) 

Bloor, W. R., A.M., Ph.D. School of Medicine 
and Dentistry, University of Rochester, Roch- 
ester, N. y. Professor of Biochemistry. (1, 
1915; 2, 1910) 

Blum, Harold F., Ph.D. Naval Medical Research 
Institute, National Naval Medical Center, 
Bethesda, Md. Principal Biophysicist. (1, 
1928) 

Blumberg, Harold, D.Sc. Research Laboratories, 
Winthrop Chemical Co., 33 Riverside Ave., 
Rensselaer, N. Y. Research Biochemist. (5, 
1942) 

Blumenstock, Julius, M.D, Fort Sheridan Re- 
gional Hospital, Fort Sheridan, III. Captain, 
Medical Corps. (1, 1925) 

Blumgart, Herrmann L., M.D. Beth Israel Hos- 
pital, 330 Brookline Ave., Boston, Mass, Asso- 
ciaie Professor of Medicine, Harvard Medical 
School; Lt. Col., M.C., Hdqtrs., Snd Service 
Command, Governor’s Island, N. Y. (1, 1927) 
Blunt, Katharine, Ph.D., LL.D. 38 Glenwood 
Ave., New London, Conn. President Emeritus, 
Connecticut College for Women. (2, 1921) 

Bock, Joseph C., Ch.E., Ph.D. 2324 N. 46th St,, 
Milwaukee 10, Wis. Professor Emerihts of Bio- 
chemistry, Marquette Univ. Medical School; 
Biochemist, Milwaukee County Hospital. (2, 
1910) 

Bodansky, Aaron, Ph.D. Hospital for Joint Dis- 
eases, 1919 Madison Ave., New York City. 
Biological Chemist. (2, 1926) 

Bodansky, Oscar, M.D., Ph.D. Medical Research 
Laboratory, Edgewood Arsenal, Md. Major, 
Medical Corps; Chief, Biochemistry Section, 
Medical Research Laboratory, Medical Division, 
Chemical Warfare Service. (2, 1937 ; 3, 1942) 


Bodinc, Joseph Hall, Ph.D. State University of 
Iowa, Iowa City. Professor and Head of De- 
partment of Zoology. (1, 1925) 

Boell, Edgar J., Ph.D. Osborn Zoological Labora- 
tory, Yale University, New Haven, Conn. 
Associate Professor of Biology. (I, 1942) 

Bogert, L. Jean, Ph.D. Hotel Claremont, Berkeley, 
Calif. (2, 1917) 

Bogert, Marston Taylor, Sc.D., LL.D., R.N.D. 
Columbia University, New York 27, N. Y. Pro- 
fessor Emeritus of Organic Chemistry; Member, 
National Academy of Sciences. (2, 1925) 

Bolliger, Adolph, Ph.D. Gordon Craig Research 
Laboratories, University of Sydney, Sydney, 
Australia. Director of Research. (2, 1928) 
Bollman, J. L., M.D. Mayo Clinic, Rochester, 
Minn. Associate in Division of Experimental 
Surgery and Pathology, Mayo Clinic; Professor 
of Physiology , Mayo Foundation, University of • 
Minnesota. (4, 1927) 

Bond, Glenn C., Ph.D., M.D. The Upjohn Co., 
Research Laboratories, Kalamazoo, Mich. (C, 
1939) 

Booher, Lela E., Ph.D. General Mills, Inc., Min- 
neapolis, Minn. Chief Nutritionist. (2, -19331 
5, 1933) 

Bookman, Samuel, M.A., Ph.D. 624 Madison 
Ave., New York City. Consulting Chemist, Mi. 
Sinai Hospital. (2, 1912) ; 

Boor, Alden K,, M.S., Ph.D. Department of 
Medicine, University of Chicago, Chicago, IH- 
Research Associate {Associate Prof.) of Bm- I 
chemistry. (2, 1931) 

Boothby, W, M., M.D., M.A., F.A.C.S., F.A.C.P., 
Metabolism Laboratory, The Mayo Clinic, ,B0‘ 
Chester, Minn. Chief of Section of Clinical Metab- 
olism in Division of Medicine, Mayo Cbnic; Pro- 
fessor of Experimental Metabolism, Mayo , 

Foundation, University of Minnesota-, Chairman, j 

Mayo Aero-Medical Unit-, Member Subcommittee 
on Oxygen and Anoxia, N.R.C., O.S.R.D- 
1915; 2, 1920; 3, 1923; 4, 1924) 

Bordley, James, III, M.D. Johns Hopkins Hos- 
pital, Baltimore, Md. Associate Professor o/ 
Medicine, Johns Hopkins University. (1, 163 ) 
Borsook, Henry, M.D., Ph.D. California Insti- 
tute of Technology, Pasadena 4. Professor oj 
Biochemistry. (2, 1931) 

Bosworth, Alfred Willson, A.M., M.D. R- > 
Circleville, 0. Consulting Chemist. (2, 1 > 

5, 1935) r I ' 

Bott, Phyllis A., M.S., Ph.D. Woman’s Median 
College of Pennsylvania, East Falls, Phila c 
phia. Associate Professor of Physiologma j 
Chemistry. (2, 1938) . ' 1 

Boucher, Robert V., M. A., Ph.D. 393Froar 
State College, Pa. Professor of Agricultural am 
Biological Chemistry. (5,1945) 1 


ALl’lIAnETICAL LIST OF ALL MEMBERS OP THE SIX SOCIETIES 


313 


Bouman, H. D., M.D.* Norlliwestcrn Univ. Mod. 
School, 303 E. Chicago Avo., Cliicngo, III. As- 
sislanlProfcssorof Phi/sicnl Mcdicincartd Plnjsi- 
o/ojy. (1, 1913) 

Bourne, Wesley, M.D., G.M., M.Sc., F.R.C.P., 

. D.A. (R.G.P. & S., Eng.). McGill University, 
Montreal, Canada. Lecturer in Anesthetics, 
Dept, of Pharmacology and Therapeutics. (3, 

. 1936) 

Bourquin, Helen, M.S., Ph.D. 1331 N. Tejon St., 
Colorado Springs, Colo. (1, 1925) 

Bowman, Donald E., A.hL, Ph.D. G95G Warwick 
ltd., Indian.apolis, Ind. Assistant Professor of 
Biochemistry, Indiana Unirersily School of 
ikdicinc. (2, 1944) 

Boyd, Eldon M., M.A,, M.D., C.M. Queen’s 
University, Kingston, Ontario, Canada. Pro- 
fessor and Head of the Department of Phar- 
macology. (3, 1941) 

Boyd, T. B., Ph.D. 70G S. Lincoln St., Chicago, 
III. Professor of Physiology, Loyola University, 
School of Medicine. (1, 1924) 

Boyd, William C., A.M., Ph.D. Boston Univer- 
sity School of Medicine, SO E. Concord St., 
Boston, Mass. Associate Professor of Bio- 
chemistry. (2, 1940; 6, 1933) 

Boyden, Edward A., A.M., Ph.D. University of 
Minnesota, Minneapolis. Professor of Anatomy 
and Chairman of the Department. (I, 1929) 

Boyer, Paul D., M.S., Ph.D. Division of Agric. 
Bioohem., University of Minnesota, St. Paul. 
Assistant Professor. (2, 1944) 

Boyle, Paul E., D.M.D. School of Dentistry, 
University of Pennsylvania, 40th and Spruce 
Sts., Philadelphia 4. Professor of Oral Pathol- 
ogy- (4,1939) 

Borler, Emil, Ph.D. Ohio State University, 
Columbus. Associate Professor of Physiology. 
(1. 1932) 

Bradbury, James T., M.S., ScD. Dept, of Obstet- 
rics and Gynecology, University Hospitals, Iowa 
City. Assistant Professor of Obstetrics and Gyne- 
cology ( 1 , 1941) 

Bradley, Harold C., Ph.D. .Sherwood Hills, 
Iiladison, Wis. Professor of Physiological Chemis- 
hy. University of Wisconsin. (I, 1911; 2, 1908) 
radley, William B., Ph.D. American Institute 
Baking, 1135 Fullerton Ave., Chicago, III. 
Birccior of the Laboratories. (1, 1939) 

Br^ch, Charles F., M.D. Children’s Hospital, 
Boston, Mass, Director. (4, 1940) 
ranch, E. Arnold G., M.D. Bureau of Laborato- 
General Hospital, St. John, N. B. Acting 
irccior. Bureau of Laboratories, New Bruns- 
wicfc Department of Health. (4, 1929) 
rand, Erwin, Ph.D. 630 W. 168th St., New 
otk City. Associate Professor of Biological 
Chemistry, Columbia University. (2, 1929) 


Brandos, IV. W., M.D. Roosevelt Hospital, IV. 

S9th St., New York City, (4, 1931) 

Branham, Sara E., Ph.D., M.D., So.D. National 
Institute of Ilo.alth, Bethesda, Md. Senior 
Bacteriologist. (6, 192G) 

Branion, Hugh Douglas, M.A., Ph.D. 50 James 
St., Guelph, Canada. (5, 1933) 

Brassfield, Charles R., Ph.D. University of 
Michigan, Ann Arbor. Associate Professor of 
Physiology. (1, 1937) 

Bratton, Andrew Calvin, Jr., M.A., Ph.D. Re- 
search Laboratories, Parke, Davis and Co., 
Detroit 32, Mich. Director of Pharmacological 
Research. (3, 1941) 

Braun, Herbert A., Ph.D. Food & Drug Adminis- 
tration, Federal Security Agency, Washington, 
D. C. Associate Pharmacologist. (3,1941) 
Brewer, George, M.D. University of Pennsyl- 
vania, School of Medicine, Philadelphia.- Assist- 
ant Professor of Physiology. (I, 1937) 

Bridge, Edward M., M.D. 219 Bryant St., Buffalo, 
N. Y. Research Professor, Department of 
Pediatrics, Univ. of Buffalo. (2, 1940) 

Briggs, A. P., M.D. University of Georgia, 
Augusta. Associate Professor in Biochemistry 
and Medicine. (2, 1923) 

Brink, Frank, Jr., Ph.D, Johnson Research 
Foundation, University of Pennsylvania, Phila- 
delphia. Fellow in Medical Physics, Johnson 
Research Foundation; Lecturer in Biophysics, 
Graduate School, University of Pennsylvania. 
(1, 1942) 

Brinkhous, K. M., M.D. State University of 
low-a. Department of Pathology, Medical Labora- 
tories Building, Iowa City. Associate Professor 
of Pathology. (4, 1939) 

Britton, Sydney W., M.D. University of Vir- 
ginia School of Medicine, University. Professor 
of Physiology. (I, 1925) 

Brobeck, John R., M.D., Ph.D.* Yale University 
School of Medicine, New Haven, Conn. Instruc- 
tor, Laboratory of Physiology. (1, 1943) 

Brodie, Bernard B., Ph.D. New York University 
College of Medicine, 477 First Ave., New York 
16, N. y. Assistant Professor of Pharmacology. 
Also ; Third (NYU) Medical Division, Goldwater 
Memorial Hospital, Welfare Island 17, New 
York. Research Associate in Biochemistry. (2, 
1940; 3, 1945) 

Brody, Samuel, M.A., Ph.D. Dairy Building, 
University of Missouri, Columbia. Associate 
Professor, College of Agriculture and Agricul- 
tural Esperiment Station. (2, 1929 ; 5, 1933) 
Bronfenbrenner, J. J,, Ph.D., D.P.H. Wash- 
ington University Sdiool of Medicine, St. Louis, 
Mo. Professor of Bacteriolog.y and Immunology 
(4, 1940; 6. 1918) 

Bronk, Detlev W., M.S., Ph.D., So.D. The El- 
dridge Reeves Johnson Foundation for Medical 
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Physics, University of Pennsylvania, Philadel- 
phia. Johnson Professor of Biophysics and 
Director , Johnson Foundation; Member National 
Academy of Sciences. (1, 1927) 

Brookes, Margaret C. Hessler, A.M., Ph.D. 
University of Chicago, Chicago, 111. Assistant 
Professor, Department of Home Economics. 
(5, 1935) 

Brooks, Chandler McCuskey, M.A., Ph.D. Johns 
Hopkins Univeraty Sohool of Medicine, Balti- 
more, Md. Associate Professor of Physiology. 
(1, 1934) 

Brooks, Clyde, Ph.D., M.D., LL.D. Essex Col- 
lege of Med. and Surg., Broad St. at 3rd Ave., 
Newark 4, N. J. (1, 1910 ; 3, 1912) 

Brooks, Matilda Moldenhauer, M.S., Ph.D. 
Department of Zoology, University of Cali- 
fornia, Berkeley. Research Associate in 
Biology. (1, 1923) 

Brooks, Sumner Cushing, Ph.D. University of 
California, Berkeley. Professor of Zoology. 
(1, 1923) 

Broun, Goronwy Owen, M.D. 1325 S. Grand 
Blvd., St. Louis, Mo. Professor of Internal 
Medicine, St. Louis University. (4, 1927) 
Brown, Claude P., M.D. 1930 Chestnut St., 
Philadelphia, Pa. Assistant Director, Pennsyl- 
vania State Board of Health Laboratories. 
{6, 1913) 

Brown, Dugald E. S., M.A., Ph.D. New York 
University College of Dentistry, 209 E. 23rd St., 
New York City. Professor of Physiology. 
(1, 1932) 

Brown, Edgar D., Pharm.D., M.D. Paynesville, 
Minn. Associate Professor of Pharmacology 
Emeritus. (1, 1907 ; 3, 1909) 

Brown, Frank A., Jr., M.A., Ph.D. Zoological 
Laboratories, Northwestern University, Evan- 
ston, 111. Associate Professor of Zoology. 
(1, 1940) 

Brown, John B., M.S., Ph.D. Ohio State Uni- 
versity, Columbus. Professor of Physiological 
Chemistry. (2, 1927 ; 5, 1934) 

Brown, Rachel, M.S., Ph.D. 26 Buckingham 
Drive, Albany, N. Y. Senior Biochemist, 
Division of Laboratories and Research, New York 
State Department of Health. (G, 1933) 

Brown, Robert V., Ph.D.* University of North 
Dakota, Grand Forks. Professor of Physiology 
and Pharmacology. (1, 1945) 

Browne, J. S. L., M.D., Ph.D., F.R.S.C. Univer- 
sity Clinic, Royal Victoria Hospital, Montreal, 
Canada. Assistant Professor of Medicine, Mc- 
Gill University. (1, 1934) 

Brownell, Katharine A., M.A., Ph.D.* Department 
of Physiology, Ohio State University, Columbus. 
Research Associate. (1, 1943) 

Brues, Austin M., M.D. P.O. Box 5207, Chicago 
SO, 111. Assistant Professor of Medicine, Harvard 


Medical School; Assistant Physician, Mass. 
General Hospital. (1,1940) 

Bruger, Maurice, M.D., C.M., M.Sc. 2-15 E. 
17tli St., New York 3, N. Y. Associate Clinical 
Professor of Medicine, New York Post-Graduate 
Medical School of Columbia University; Chief, 
Division of Pathological Chemistry, New York 
Post-Graduate Hospital. (2, 1935_; 5, 1935) 
Bruhn, John M., Ph.D. Department of Physi- 
ology, Medical College of Alabama, 620 Soutli 
20 th St., Birmingham 5. (1,1939) 

Bruner, Harry Davis, M.S., M.D., Ph.D. Uni- 
versity of Pennsylvania School of Medicine, 
Philadelphia 4. Associate in Pharmacology. 
(3, 1945) 

Brunschwig, Alexander, M.D. University of 
Chicago, Chicago, 111. Professor of Surgery. 
(4, 1937) 

Bryan, W. Ray, Ph.D. 5614 Glenwood Rd., 
Bethcsda,Md. Senior Biologist, National Can- 
cer Institute. (1, 1934; 4, 1940) 

Buchanan, J. William, Ph.D. Northwestern 
University, Evanston, 111. Professor of Zoology. 
(1, 1927) 

Buchbinder, Leon, Ph.D. Department of Health, 
125 Worth St., New York City. (6, 1934) 
Buchbinder, William C., M.S., M.D. 104 S. 
Michigan Ave., Chicago, 111. Assistant Pro- 
fessor of Medicine, Northwestern University 
Medical School; Associate in Medicine, Michael 
Reese Hospital. (1, 1940) 

Buckner, G. Davis, Ph.D. Kentucky Agricul- 
tural Experiment Station, Lexington. In 
Charge of Animal Nutrition. (2, 1920) 

Bucy, Paui C., hl.S., M.D. 25 E. Washington St., 
Chicago, 111. Professor of Neurology and Neuro- 
logical Surgery, University of Illinois. (1, 19^t 
Buddingh, G. John, M.D. -Vanderbilt University 
School of Medicine, Nashville, Tenn. Associate 
Professor of Bacteriology. (4, 1940) 

Buell, Mary V., Ph.D. 115 Ely Place, Madison o, 
Wis. (2, 1921) 

Bugbee, Edwin P., M.D. 131 N. Norwinden St., 
Springfield, Pa. (1, 1928) 

Bugher, John C., M.D. Rockefeller Foundation, 
49 W. 49th St., New York 20. Member of Stafl 
International Health Division of the Rockefe cr 
Foundation. (4, 1935) 

Bukantz, Samuel C., M.D. 1955 Grand Concourse, 
Bronx 53, N. Y, (6, 1943), 

Bulatao, Emilio, M.D. University of the Philip- 
pines, Manila, P.I. Professor of Physiology- 

(L 1924) „ , 

Bulger, Harold A., Ph.D., M.D. Barnes HospiW . 
600 S. Kingshighway, St. Louis, Mo. 

Professor of Medicine, Washington Univcrsi 
(5, 1933) 

Bull! Henry B., Ph.D. Northwestern Unlv^sity 
Medical School, 303 E. Chicago Ave., Oluc-g . 
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in. Associate Professor, Department of Chcin- 
islry. (2, 1937) 

Bunde, Carl A., M.A., Pli.E.* Southwestern Medi- 
‘cal Foundation, Dallas, Texas. Associate Profes- 
sor of Physiology and Pharmaeology. (1. 19-13) 
Bunney, William E., Ph.D. E. R. Squibb it Sons, 
New Brunswick, N. J. Dircetor of Biologic 
Products Production. (6, 1931) 

Bunting, Charles H., M.D. 139 Annory St., 
Hamden, Conn. Emeritus Professor of Path- 
ology, University of n%consjn. (4, 1913) 
Bnnzell, H. H., Ph.D. Box 44, General Post 
Office, New York 1, N. Y. Dircetor, Bunzcll 
Lahoratorics. (2, 190S) 

Burchell, Howard B., M.D., Ph.D. 799 3rd St., 
S.W., Rochester, Minn. Inslruetor in Medicine, 
Mayo Foundation, Graduate School, University 
of Minnesota; Consultant in Medicine, Mayo 
Clinic, llochcstcr, Minn. (1, 1942) 

Burdick, H. O,, M.A., Sc.D. (hon.). Alfred Uni- 
versity, Alfred, N. Y. Professor of Biology. 
(1, 1940) 

Burdon, Kenneth L., Sc.M., Ph.D. Baylor Univer- 
sity College of Medicine, Houston, Texas. 
Professor of Bacteriology; Consultant, United 
States Public Health. Service. (6, 193G) 

Burge, W. E., A.M., Ph.D. University of Illinois, 
Urbana. Associate Professor of Physiology. 
(1, 1911) 

Burk, Dean, Ph.D. National Cancer Institute, 
P. S. Public Health Sendee, Bethesda, Md. 
Senior Chemist. (2, 1939) 

Burky, Earl L., M.S., M.D. Johns Hopkins Hos- 
pital, Baltimore, Md. Associate Professor of 
Ophthalmology, Wilmer Institute of Ophthal- 
mology, Johns Hopkins University. (6, 1931) 
Burnett, Theo, C., M.D. Box 216, Carmel, Calif. 
Associate Professor of Physiology Emeritus, 
University of California, Berkeley- (1, 1911) 
Burns, Edward L., M.D. Louisiana State Uni- 
versity, School of Medicine, New Orleans. 
Associate Professor of Pathology and Bacteriol- 
ogy- (4,. 1939) 

Barr, George O., M.A.; Ph.D., LL.D. University 
of Minnesota, Minneapolis. Director , Division 
of Physiological Chemistry. (2, 192S; 5, 1933) 
“urrill, Marie Weeker, Ph.D.* 1415 Hudson 
Ave., Chicago 10, 111. Instructor in Physiology, 
Northwestern University Medical School. (1, 
1944) 

Burrows, Montrose T., M.D. 201 N. El Molino 
Ave., Pasadena, Calif. (4, prior to 1920) 

•^ton, Alan C., Ph.D, Department of Nledical 
Research, University of Western Ontario, 
^adon, Canada. Assistant Professor of Medical 
Pescarch: (1, 1937) 

Burton-Opitz, Russell, M.S., M.D., Ph.D. 218 
rmle Way, Palisade, N, J. Attending Cardiol- 
‘’gmt, IcnoxHill Hospital; Attending Physician, 


Cumberland Hospital; Consulting Cardiologist, 
Engchvood, North Hudson, Holy Name and 
Hackensack Hospitals. (1, 1902; 2, 1906; 3, 
1919) ’ ' 

Bush, Milton T., Ph.D. Vanderbilt University 
School of Medicine, Nashville, Tenn. Research 
Associate in Pharmacology. (3, 1938) 

Butler, Thomas C., M.D. Vanderbilt University 
School of Medicine, Nashville, Tenn. Assistant 
Professor of Pharmacology. (3, 1938) 

Butt, Hugh R., M.D. U. S. Naval Hospital, 
Corona, Calif. (5, 1942) 

Butts, Joseph S., M.S., Ph.D. Hq. A.A.F., 
Pentagon Bldg,, Washington, D. C. On leave to 
U. S. Army (Major). (2, 1936) 

Butz, Eleanor W. J., Ph.D. Beltsvillc, Md. Col- 
laborator, Div. Animal Husbandry, V. S, D. A., 
Beltsvillc Research Center. (6, 1935) 

Cahill, AVilliam M., Ph.D. 5532 Marlborough St., 
Detroit, Mich. Consulting Biochemist. ' (2, 
1940) 

Cajori, Florian A., Ph.D. University of Pennsyl- 
vania School of Medicine, Philadelphia 4. On 
leave to V. S. Army (Major). (2, 1922; 5, 1933) 
Caldwell, Mary L., A.M., Pli.D. Department of 
Chemistry, Columbia University, New York 
City. Associate Professor of Chemistry. (2, 1924 ; 
5, 1933) 

Calloway, Nathaniel Oglesby. Ph.D,, M.D. 
Medical School, University of Illinois, 1819 
Polk St., Chicago 12. Assistant in Medicine. 
(3, 1945) 

Calvin, D. Bailey, M.A., Ph.D. School of Medi- 
cine, University of Te.xas, Galveston . Prof cssor. 
Biological Chemistry; Associate Dean, School of 
Medicine. (1, 1934; 2, 1939) 

Cameron, A. T., M.A., D.Sc., P.I.C., F.R.S.C. 
Medical College, Winnipeg, Manitoba,, Ca’nada. 
Professor of Biochemistry, Faculty of Medicine, 
University of Manitoba; Biochemist, Winnipeg 
General Hospital. (1, 1914; 2. 1914) 

Camp, ITalter J. K., JI.D., Ph.D. 1853 Polk St., 
Chicago, 111. Professor of Pharmacology and 
Therapeutics, University of Illinois. (3, 1926) 
Campbell, Berry, Ph.D.* University of Minne- 
sota, Minneapolis 14. Assistant Professor of 
Anatomy. (1, 1945) 

Campbell, Dan H., M.S,, Ph.D. Department of 
Chemistry, California Institute of Technology, 
Pasadena, Calif. Assistant Professor of Immun- 
ochemistry. (C, 1938) 

Campbell, H. Louise, Ph.D. 435 W. 119th St., 
Apt. 9-F, New' York City. Research Assistant 
in Food Chemistry, Columbia -University. (5, 
1933) 

Campbell, James, M.A , Ph.D.* University of 
Toronto, Toronto, Ontario, Canada. Assistant 
Professor of Physiology. Lieutenant Commander 
(S.B.) R.C.N.V.R. (1, 1943) . ' 
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Campbell, Walter Ruggles, M.A., M.D., F.R.G.P. 
(C), F.R.S.C. 69 Madison Ave., Toronto, Can- 
ada. Assistant Professor of Medicine and Clinical 
Medicine, U7iivcrsity' of Toronto; Assistant 
Physician, Toronto General Hospital. (2, 1922) 
Cannan, R. Keith, D.Sc. 477 First Avc., New 
York City. Professor of Chemistry, New York 
University College of Medicine. (2, 1931) 
Cannon, Paul R,, M.D., Ph.D. University of 
Chicago, Chicago, 111. Professor of Pathology. 
(4, 1930; 6, 1929) 

Cantarow, Abraham, M.D. Jefferson Medical 
College, Philadelphia 7, Pa. Professor of Physi- 
ological Chemistry. (1, 1932; 3, 1935) 

Cantoni, G. L., M.D. Long Island College of 
Medicine, 350 Henry St., Brooklyn 2, N. Y. 
Assistant Professor of Physiology a?id Pharma- 
cology. (3, 1945) 

Canzanelli, Attilio, M.D. Tufts College Medical 
School, 416 Huntington Ave., Boston, Mass. 
Associate Professor in the Department of 
Physiology. (1, 1934) 

Carlson, A. J., A.M., Ph.D., M.D., LL.D. Hull 
Physiological Laboratory, University of Chicago, 
Chicago, 111. Professor of Physiology Emeritus; 
Member of the National Academy of Sciences. 
(1, 1904; 5, 1933) 

Carlson, Loren D., Ph.D.* Dept, of Animal 
Biology, Univ. of Washington, Seattle 5. (1, 
1945) 

Carmichael, Emmett B,, Ph.D. The Medical 
College of Alabama, Department of Biochem- 
istry, Birmingham 5. Professor. (1, 1931) 
Carmichael. Leonard, Ph.D., Sc.D., Litt.D., 
LL.D. Tufts College, IMedford, Mass. Di- 
rector, the Tufts College Research Laboratory of 
Sensory Psychology and Physiology and Presi- 
dent of the College. (1, 1937) 

Carpenter, Thorne M., Ph.D. 159 Corey St., 
West Ptoxbury 32, Mass. Director, Nidrilion 
Laboratory of tiic Carnegie Institution of Wash- 
ington. (1. 1915; 2, 1909; 5, 1935) 

Carr, C. Jelleff, Ph.D. School of Medicine, Uni- 
versity of Maryland, Baltimore. Associate 
Professor of Pharmacology. (3, 1940) 

Carr, Jesse L., M.D. University of California 
Medical School, Third and Parnassus Aves., 
San Francisco. Assistant Professor of Pathol- 
ogy. (4, 1940) 

Carter, Herbert E., M.A., Ph.D. 452 Noyes Lab- 
oratory, Urbana, 111. Professor of Biochemistry, 
Urtiversity of Illinois. (2, 1937; 5, 1941) 
Cartiand, George F., IM.S., Ph.D. The Upjohn 
Co., Research Dept., Kalamazoo, Mich. Head, 
A^itibiotics Research. (2, 1936) 

Cary, Charles A., S.B. D.airy Research Labora- 
tory, Beltsville, Md. Chief, Division of Nutri- 
tion and Physiology, Bureau of Dairy Industry; 
V. S. Department of Agricidlure. (2, 1920) 


Casey, Albert Eugene, IM.D. Jefferson and Bap. 
tist Hospitals, Birmingham, Ala. Pathologist 
(4, 1933) 

Cash, James Robert, M.D. University Hospital, 
Charlottesville, Va. Professor of Pathology, 
University of Virginia. (4, 1924) 

Castle, Edward S., M.A., Ph.D, Biological Lab- 
oratories, Harvard University, Divinity Ave., 
Cambridge, Mass. Assistant Professor of Gen- 
eral Physiology. (1, 1934) 

Castle, William B., M.D., S.M. (Hon. Yale), 
M.D. (Hon. Utrecht). Boston City Hospital, 
Boston, Mass. Professor of Medicine, Harvard 
Medical School; Associate Director, Thorndike 
Memorial Laboratory and Director, II and IV 
Medical Services {Harvard), Boston City Hos- 
pital. (4, 1942) 

Catchpole, Hubert Ralph, Ph.D. National Naval 
Medical Center, Bethesda, Md. Ensign, USNR; 
Research Assistant in Physiology (Assistant 
Professor), Yale University Medical School. 
(1. 1941) 

Cathcart, E. P., M.D. , D.Sc., LL.D. University 
of Glasgow, Glasgow, Scotland. Dean of Uni- 
versity. (5, 1935) 

Catron, Lloyd, M.D. The City Hospital, Akron, 

0. Pathologist. (4, 1939) 

Cattell, McKeen, A.M., Ph.D., M.D. Cornell 
University Medical College, 1300 York Ave., 
New York City. Professor of Pharmacology- 

1, 1923; 3, 1924) 

Cerecedo, Leopold R., Ph.D. Fordham Univer- 
sitj'. New A’ork City. Professor of Biochemis- 
try. (2, 1931 ; 5, 1945) 

Chadwick, Leigh Edward, Ph.D.* Medical Re- 
searcli Laboratory, Edgewood Arsenal, Md. 
(1. 1944) 

Chaikoff, I. L., A.M., Ph.D., AI.D. University of 
California, Berkeley. Associate Professor of 
Physiology. (1, 1932) 

Chalkley, Harold W., A.M., Ph.D. U. S. Public 
Health Service, National Institute of Health, 

- Bethesda, Md. Senior Physiologist. (L 1932) 

Chambers, Leslie Addison, M.S., Ph.D. Johnson 
Foundation for Medical Physics, University o 
Pennsylvania, Philadelphia. Lecturer in Bio- 
physics; Associate in Medical Phijsics; Associate 
in Pediatrics. (1, 1940) 

Chambers, Robert, A.M., Ph.D. New York Vni- 
versity, Washington Square East, New Yor' 
City. Research Professor of Biology. (L 19^ ' 

Chambers. William H., M.S., Ph.D. Cornell 
University Medical College, 1300 York Avc., 
New York City. Associate Professor of Physio • 
ogy. Major, Sn.C. A US (1, 1924; 5, 1933) 

Chandler, Caroline A., M.D. A'lass. Dept, o 
Public Health Service, 73 Tremont St., Boston. 
Supervisor of Clinics for Crippled Children. 
(6, 1938) 
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Chandler, Joseph P., M.S., Ph.D. Cornell Univer- 
sity Medical College, 1300 York Avc., New York 
City. Assistant Professor of Biochemistry. 
(2 , 1944 ; 5, 1944) 

Chanutin, Alfred, Ph.D. Box 1038 (University 
Station), Charlottesville, Va. Professor of Bio- 
chemistry, University of Virginia, (2, 1925) 
Chapman, C. W., M.Sc., Ph.D. University of 
Maryland, Baltimore. Professor of Pharma- 
cology. (3, 1932) . 

Chsrgaff, Erwin, Ph.D. Columbia University, 
College of Physicians and Surgeons, C30 W. 
168th St., New York City. Assistant Professor 
of Biological Chemistry. (2, 1935) 

Charipper, Harry Adolph, M.S., Ph.D. Wash- 
ington Square College of Arts and Sciences, 100 
Washington Square East, New York City. Pro- 
fessor of Biology and Chairman of the Depart- 
ment. (1, 1941) 

Chase, Aurin M., A.M., Ph.D. Department of 
Biology, Princeton Universit 3 '', Princeton, N. J. 
Research Associate. (1, 1939) 

Chase, Harold F., M.D. Western Rcsenm Uni- 
versity School of Medicine, Cleveland, O. 
Assistant Professor of Pharmacology. (3, 1944) 
Chase, Merrill W., M.S., Ph.D. Rockefeller 
Institute, 66th St. and York Ave., New York 
City. Member of Staff. (G, 1938) 

Chasls, Herbert, M.D., Med. Sc.D. 44 E. 67th 
St., New York City. Assistant Professor of 
Medicine, New York University, College of 
.Medicine. (1, 1941) 

Chaffield, Charlotte, B.S, Civilian Food Require- 
ment Branch, Office of Marketing Services, War 
Food Administration, Washington 25, D. C. 
In Charge, Food Composition Section, Bureau of 
Home Economics. (5, 1941) 

Chen, Graham, Sc.D., M.D. Dept, of Pharmacol- 
ogy, Universitj^ of Chicago, Chicago, HI. Research 
Associate [Assistant Prof.). (3, 1944) 

Chen, K. K., Ph.D., M.D. The Lilly Research 
Laboratories, Indianapolis, Ind. Director of 
Pharmacological Research; Professor of Phar- 
macology, Indiana University School of Medicine, 
Indianapolis. [1, 1929; 3, 1942) 

Cheney, RalphH., A.M.,M.S., Sc.D. Long Island 
University, 600 Lafayette Ave., Brookljm, N. Y, 
Chairman, Biology Department. (3, 1934) 
Chenoweth, Maynard Burton, M.D. Medical 
Research Laboratory, Edgewood Arsenal, Md. 
Capl., M.C., A US, Pharmacology Section. (3, 
1945) 

^hesney. Alan M., M.D. The Johns Hopkins 
Hospital, Baltimore, Md. Dean, Johns Hop- 
kins Medical School; Associate Professor of 
Medicine.' (4, 1925) 

CharlesMannlng, Ph.D., D.Sc. (hon.). Jor- 
on Hall, Stanford University, Calif. Member, 


National Academy of Sciences; Professor Emeri- 
tus, University of Chicago. (1, 1923) 

Chow, Bacon F., Ph.D. Squibb Institute for 
Medical Research, New Brunswick, N. J. Head 
of the Department of Physical Chemistry. (2, 
1940; 6, 1044) • 

Christensen, L. Royal, Ph.D. New York Univer- 
sity College of Medicine, 477 First Ave., New 
York City. Alcdical Fellow, National Research 
Council. (G, 1942) 

Christian, Henry A., M.D. 20 Chapel St., Brook- 
line, Mass. Herscy Professor of the Theory and 
Practice of Physic, Emeritus, Harvard Univer- 
sity, recalled to active teaching; Clinical Professor 
of Aledicine, Tufts College Medical School; 
Physician-in-Chief, Emeritus, Peter Bent Brig- 
ham Hospital, Boston; Visiting Physician, Beth 
Israel Hospital, Boston. (4, 1924) 

Christman, Adam A., Ph.D. University of Michi- 
gan Medical School, Ann Arbor. Associate 
Professor of Biological Chemistry. (2, 1929) 
Chu, Wei-chang, M.D. Dept. Pharmacology and 
Therapeutics, Stanford University Medical 
School, 2398 Sacramento St., San Francisco 15, 
Calif. Acting Instructor in Pharmacology. (3, 
1945) 

Clark, Ada R., M.A., Ph.D. College of Physicians 
and Surgeons, 630 W. 168th St., New York City. 
Instructor in Bacteriology. (6, 1936) 

Clark, Byron B., M.S., Ph.D. Albany Medical 
College, Albany, N. Y. Associate Professor of 
Physiology and Pharmacology. (3, 1940) 

Clark, Eliot R., M.D. University of Pennsyl- 
vania, Philadelphia. Professor and Head of 
Department of Anatomy. ■ (1, 1919) 

Clark, Ernest D., A.M., Ph.D. S26 Skinner Bldg., 
Seattle 1, Wash. Director of the Laboratories, 
Northwest Branch, National Canners’ Associa- 
tion. (2, 1912) 

Clark, George, Ph.D.* Yerkes Laboratory of 
Primate Biology’, Orange Park, Fla. Assistant 
Professor of Psychobiology. (1, 1943) 

Clark, Guy W., A.M., Ph.D. c/o Lederle Labora- 
tories, Inc., Pearl River, N. Y. Technical 
Director. [2, 1922) 

Clark, Janet Howell, A.M., Ph.D. Anderson 
Hall, University of Rochester, Rochester, N. Y. 
Dean of the College for Women and Professor in 
the Division of Biological Sciences. (1, 1922) 
Clark, Paul F., Ph.D. University of Wisconsin 
Medical School, Madison. Professor of Bacteri- 
ology. (4, 1923; 6, 1928) 

Clark, W'illiam G., Ph.D. Department of Avi- 
ation Medicine, University of Southern Cali- 
fornia, Los .Angeles 7. (1,1942) 

Clark, William Mansfield, M.A., Ph.D., D.Sc. 
Johns Hopkins University, Baltimore, Md. 
Professor of Physiological Chemistry; Member, 
National Academy of Sciences. (2, 1920) 
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Clarke, Hans Thacher, D.Sc. (London), F.I.C, 
630 W. 168th St., New York City. Professor of 
Biological Chemisiry, Columbia University^ 
College of Physicians and Surgeons. (2, 1929) 

Clarke, Robert W., Ph.D. Yale University School 
of Medicine, 333 Cedar St., New Haven, Conn. 
Instructor in Physiology. (1, 1936) 

Clausen, Samuel Wolcott, M.D. Strong Memorial 
Hospital, Rochester, N. Y. Professor of Pediat- 
ries, School of Medicine, University of Roch- 
ester. (2, 1922) 

Cleghorn, Robert Allen, M.D,, D.Sc. (Aberdeen). 
Department of Medicine, University of Toronto, 
Toronto, Ont., Canada. Junior Demonstrator 
in Medicine; Junior Assistant Attending Physi- 
cian, Toronto General Hospital. (1, 1937) 

Climenko, David Robert, M.D., Ph.D. Winthrop 
Chemical Co., 33 Riverside Ave., Rensselaer, 
N. Y. Pharmacologist; Assoctafe in Bio- 
chemistry and Instructor in Medicine, Albany 
Medical College. (1, 1933) 

Clowes, George Henry Alexander, Ph.D., D.Sc. 
(hon.), LL.D. (hon.). Eli Lilly & Co., Indi- 
anapolis, Ind. Director of Research. (2, 1914; 
6, 1919) 

Coca, Arthur F., A.M., M.D. Pearl River, N. Y. 
Medical Director, Lederle Laboratories. (6, 
1916) 

Code, Charles F., Ph.D., M.D. Mayo Foundation, 
Rochester, Minn. Professor of Physiology. (1, 
1939) 

Coffey, Julia M„ A.B. Division of Laboratories 
& Research, New York State Department of 
Health, Albany, N. Y. Associate Bacteriol- 
ogist. (6, 1937) 

Coghill, Robert D., M.S., Ph.D. Northern Re- 
gional Research Laboratory, U. S. Department 
of Agriculture, Peoria, 111. Chief, Fermentation 
Division. (2, 1932) 

Cohen, Barnett, M.S,, Ph.D. Johns Hopkins 
University School of Medicine, 710 N. Wash- 
ington St., Baltimore 5, Md. Associate Professor 
of Physiological Chemisiry. (2, 1935) 

Cohen, Milton B., M.D. 10616 Euclid Ave., 
Cleveland, 0. Director, The Asthma, Hay 
Fever and Allergy Foundation. (6, 1931) 

Cohen, Philip P., Ph.D., M.D. Service Memorial 
Institute, University of Wisconsin, Madison. 
Associate Professor of Physiological Chemistry. 

(2, mi) 

Cohen, Sophia M., B.S. Division of Laboratories 
and Research, New York State Department of 
Health, Albany, N. Y. Assistant Bacteriologist. 
(6, 1938) 

Cohn, Alfred E., M.D. 300 Central Park W., 
New York City. Member, Rockefeller Institute 
for Medical Research. (1, 1911; 3, 1913) 


Cohn, Edwin J., Ph.D., A.M. (Hon.), Sc.D. 
(Hon.). 183 Brattle St., Cambridge, Mass. 
Professor of Biological Chemistry, Harvard 
Mcdicat School, Boston; Member, National Acad- 
emy oj Sciences. (1, 1919; 2, 1919) 

Cohn, WaL o E., M.S., Ph.D. 109 Marion Rd., 
Oak Ridge, Tenn. Senior Biochemist, Clinton 
Laboratories, Knoxville, Tenn. (2, 1944) 

Cole, Arthur G., Ph.D. 1853 W. Polk St., Chicago 
12, 111. Assistant Professor of Biological Chem- 
istry, University of Illinois College of Medicine. 
(2, 1939) 

Cole, Harold N., M.D. 1352 Hanna Bldg., Cleve- 
land, 0. Clinical Ptofessor of Dermatology and 
Syphilology, Western .Reserve University. (3, 
1925) 

Cole, Kenneth S., Ph.D. 5618 Kimbark Ave., 
Chicago, 111. (1, 1934) 

Cole, Rufus, M.D., D.Sc. Mount Kisco, N, Y. 
Member Emeritus, Rockefeller Institute for 
Medical Research. (4, 1924; G, 1917) 

Cole, Versa V,, Ph.D., M.D. Indiana University 
School of Medicine, 1040-1232 "West Michigan 
St., Indianapolis. Assistant Professor of Phar- 
macology. (3, 1941) 

Collett, Mary Elizabeth, A.M., Ph.D, Mather 
College, Western Reserve University, Cleve- 
land, 0. Associate Professor of Biology, (h 
1921) 

Collier, H. Bruce, M.A., Ph.D. Dalhousie Uni- 
versity, Halifax, N. S. Associate Professor of 
Biochemistry. (2, 1944) 

Ceilings, William Doyne, Ph.D.* University of 
Texas School of Medicine, Galveston. Assistemt 
Professor of Physiology. (1, 1944) 

Collins, Dean A., M.A.’, Ph.D., M.D. Temple 
Univ. School of Medicine, 3400 N. Broad St., 
Philadelphia 40, Pa. (1, 1938) 

Collins, Russell J., A.M., M.D., F.R.C.P. (Can.) 
M.R.C.P. (Edin.) F.A.C.P. St. John, Neff 
Brunswick, Canada. Medical Superintendent 
of St. John Tuberculosis Hospital. (3> 191®) 
Collip, J. B., A.M., Ph.D., D.Sc., M.D., C.B.B. 
McGill University, Montreal, Quebec, Canada. 
Director, Research Institute of Endocrinology. 
(I, 1920; 2, 1920) 

Colowick, Sidney P., Ph.D. Washington Uni- 
versity Medical School, Euclid and Scott Aves., 
St. Louis, Mo. Assistant Professor of Pharma- 
cology. (2, 1944) 

Coman, Dale R., M.D. McManes Laboratory o 
Pathology, University of Pennsylvania Schoo 
of Medicine, Philadelphia. Assistant Professor 
of Pathology. (4, 1939) 

Comroe, Julius H., Jr., M.D.* University o 
Pennsylvania Medical School, Philadelphia- 
Assistant Professor of Pharmacology. (L 1943; 
3, 1939) 
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Conanf, James B., Ph.D. 5 University Hall, 
Cambridge, Mass. President, Harvard Uni- 
tersUy; Member, National Academy of Sciences. 
(2, 1932) 

Concepcion, Isabelo, M.D. College of Medicine 
and Surgery, Manila, P.I. Professor of Physi- 
ology, University of the Philippines. (1, 1919) 
Conklin, Ruth B., M.S., Ph.D. Vassar College. 
Poughkeepsie, X. Y. Professor of Physiology. 
(1, 1940) 

Conn, Jerome W., hl.D. University Hospital, 
Ann Arbor, Mich. Assistant Professor of In- 
ternal Medicine and Research Associate in 
Nvirition. (5, 1942) 

Cook, Donald Hunter, Ph.D. Department of 
Chemistry, University of Florida, Coral Gables 
34. (2,1929) 

Cooke, Robert A., A.M., Sc.D. (hon.), M.D. 
60 E. oSth St., New York City. Director, De- 
partment of Allergy, Roosevelt Hospital. (6, 
1920) 

Coolidge, Thomas B., M.D., Ph.D. Abbot Hall, 
University of Chicago, Chicago 37, 111. Asso- 
ciate Professor of Biochemistry and Walter G. 
Zollcr Memorial Dental Clinic. (2, 1942) 

Coon, Julius M„ Ph.D. University of Chicago, 
Chicago, 111. Instructor in Pharmacology. (3, 
1941) 

Coons, Callie Mae, Ph.D. Box 164, Washington 
4,D.C. (5,1933) 

Cope, Otis M., M.D. New York Medical College, 
Flower and Fifth Avenue Hospitals, Fifth Ave. 
at 106th St., New York City. Professor of 
Physiology and Biochemistry. (1, 1929) 

Corbin, Kendall B., M.D. University of Ten- 
nessee College of MerRcine, 875 Monroe, Mem- 
phis. Professor of Anatomy. (1,1941) 

Corcoran, Arthur Curtis, C.M., M.D. Cleveland 
Clinic Foundation, Cleveland 6, O'. (1, 1940) 
Corey, Edward Lyman, Ph.D. School of Medi- 
cine, University of Virginia, University. As- 
sistant Professor of Physiology. (1, 1931) 

Cori, Carl F., M.D. Washington University 
School of Medicine, Kingshighway and Euclid 
Ave., St. Louis, Mo. Professor of Pharmacology 
and Biochemistry; Member, National Academy 
of Sciences. (2, 1925; 3, 1934) 

Gerty T., M.D. Washington University 
School of Medicine, St. Louis, Mo. Research 
Associate Professor in Pharmacology and Bio- 
(hemistry. (2, 1927 ; 3, 1934) 

Ralph Conner, Ph.D. Department of 
hemiatry, Purdue University, Lafayette, Ind. 
^'ofessor of Biochemistry. (2,1927) 
omvrall, Leon, M.D. 55 E. 76th St., New Yoi-k 
-Aitending Neurologist, N. F. Neurological 
‘nsMutc. (6, 1920) 


Corper, Harry J., M.D., Ph.D. 1295 Clermont 
St., Denver, Colo. Director of Research, Na- 
tional Jewish Hospital. (2, 1912) 

Corson, Samuel A., M.S., Ph.D.* Department of 
Physiology, University of Minnesota School of 
Medicine, Minneapolis. Instructor in Physiology. 
(1, 1943) 

Corwin, Warren C., M.D. 1833 Girard Avenue 
So., Minneapolis 2, Minn. Major, M. C., A US. 
(4, 1940) 

Co Tui, Frank, M.D. New York University Col- 
lege of Medicine, 477 First Ave., New York City. 
Associate Professor of Experimental Surgery. 
(3, 1931) 

Cournand, Andrd Frederic, M.D.* Cheat Service, 
Bellevue Hospital, CD Building, 1st Ave. at 28th 
St., New York City. Assistant Professor of Medi- 
cine, College of Physicians and Surgeons, Colum- 
bia University. (1, 1944) 

Cowgill, George Raymond, Ph.D. 333 Cedar St., 
New Haven, Conn. Professor 'of Nutrition, Yale 
University. (1, 1923 ; 2, 1922 ; 5. 1933) 

Cox, Gerald J., M.S., Ph.D. 200 S. 7th Ave,, 
LaGrange, 111. Research Group Leader, Corn 
Products Refining Co. (2, 1930; 5, 1935) 

Cox, Warren M., Jr., Ph.D. Mead Johnson & Co., 
Evansville, Ind. Director of Nutritional Re- 
search. (2, 1935; 5, 1945) 

Craig, L. C., M.S., Ph.D. Rockefeller Institute, 
66th St. and York Ave., New York City. Asso- 
ciate in Chemical Pharmacology. (2, 1938) 
Crampton, E. W., Ph.D. Macdonald College. 
Quebec, Canada. Associate Professor of Animal 
Nutrition. (5, 1940) 

Crandall, Lathan A., Jr., M.D., Ph.D. Univer- 
sity of Tennessee College of Medicine, Memphis. 
Professor of Physiology. (1, 1930; 5, 1940) 
Cressy, Norman L., M.D. Respiratory Disease 
Commission Laboratory, Station Hospital, Sec- 
tion 2, Fort Bragg, N. C. Capt., M. C., U. S. A.; 
Member Commission on Acute Respiratory Dis- 
eases. (6, 1943) 

Cretcher, Leonard H., Ph.D. Mellon Institute 
of Industrial Research, University of Pitts- 
burgh, Pittsburgh, Pa. Assistant Director and 
Head of the Department of Research in Pure 
Chemistry. (2, 1930) 

Crider, Joseph O., M.D. Jefferson Medical Col- 
lege, Philadelphia, Pa. Associate Prdfessor of 
Physiology and Assistant Dean. (I, 1935) 
Crisler, George R., Ph.D., M.D. V. A. A. F. 
Victorville, Calif. Captain, Medical Corps (l’ 
1930) 

Crismon, Jefferson Martineau, M.D,* Stanford 
University, Calif. Assistant Professor of Physi- 
ology. (1, 1944) 

Crittenden, Phoebe J., M.S., Ph.D. Merck Insti- 
tute for Therapeutic Research, Rahway, N. J. 
Associate Physiologist. (1, 1937; 3, 1937) 
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Cromwell, Hobart W., Sc.D. Abbott Labora- 
tories, North Chicago, 111. Bacteriologist. (6, 
1929) 

Crozier, William J., Ph.D. Biological Labora- 
tories, Harvard University, Cambridge, Mass. 
Professor of General Physiology. (1, 1928) 
Cruickschank, Ernest W. H., M.D., D.Sc., Ph.D. 
M.R.C.P., F.R.S.E. Marischal College, Uni- 
versity of Aberdeen, Aberdeen, Scotland. Pro- 
fessor of Physiology. (1, 1931) 

Csonka, F. A., Ph.D. Bureau of Human Nutrition 
and Home JEconomics, U. S. Department of 
Agriculture, Beltsville, Md. Senior Chemist. 
(2, 1924) 

Cullen, Stuart C., M.D. University Hospitals, 
Iowa City, Iowa. Assistant Professor of Surgery- 
Anesthesia. (3, 1944) 

Culler, Elmer A. K., Ph.D. University of Roch- 
ester, Rochester, N. Y. Professor of Psychology 
and Director of the Laboratory. (1, 1936) 
Cunningham, Raymond W., M.S., Ph.D. Ledcrle 
Laboratories, Inc., Pearl River, N. Y. Head, 
Pharmacology Research. (3, 1941) 

Cunningham, Robert Sydney, A.M., M.D., Sc.D. 
Albany Medical College, Albany, N. Y. Pro- 
fessor of Anatomy and Dean. (1, 1923) 
Curnen, Edward C., M.D. Hospital of Rocke- 
feller Institute, 66th St. and York Ave., New 
York City. Assistant Resident Physician, Hos- 
pital of The Rockefeller Institute; Assistant, 
Rockefeller Institute; Lieut. (J.g.) M.C. F(S) 
U.S.N.R, on active duty. (6, 1941) 

Curtis, George Morris, M.A., Ph.D., M.D. Kins- 
man Hall, Ohio State University, Columbus. 
Professor of Surgery; Chairman, Department of 
Research Surgery. (1, 1933; 4, 1933) 

Curtis, Howard J., M.A., Ph.D. 601 Florida Ave., 
Oak Ridge, Tenn. (1, 1940) 

Cutler, Elliott C., M.D. Peter Bent Brigham 
Hospital, Boston, Mass. Moseley Professor of 
Surgery, Harvard Medical School; Surgeon-in- 
Chief, Peter Bent Brigham Hospital. (4, 1927) 
Cutting, Reginald A., M.D., Ph.D, Georgetown 
University School of Medicine, 3900 Reservoir 
Road, N.W., Washington, D. C. Professor 
of Physiology and Director of the Department. 
(1, 1939) 

Cutting, Windsor C., M.D. Stanford University 
School of Medicine, San Francisco, Calif. As- 
sistanl Professor of Therapeutics. (3, 1939) 
Daft, Floyd Shelton, Ph.D. National Institute of 
Health, Washington, D. C. Senior Biochemist. 
(5, 1941) 

Daggs, Ray Gilbert, Ph.D. 260 N. Hanover St., 
Pottstown, Pa. Lt.Col. (1, 1935; 5, 1933) 
Dakin, Henry D., D.Sc., LL.D., Ph.D., F.I.C., 
F.R.S. Scarborough-on-Hudson, N. Y. (2, 
1906) 


Dalton, Albert J., M.A., Ph.D. National Insti- ' 
tute of Health, Bethesda, Md, Gytologhl. 

(4, 1942) 

Dam, Henrik, D.Sc. The Rockefeller Inst, for 
Medical Research, 66th St. and York Ave., New : 
York 21, N. Y. (2, 1944; 5, 1943) 

D'Amour, Fred E., M.S., Ph.D. 2311 S. JosepUne 
St., Denver, Colo. Associate Professor, Depart- 
ment of Zoology, University of Denver. (1, 1934) 
b’Amour, Marie C., Ph.D., M.D. 2311 So. Jose- j 
phine St., Denver, Colo. (1, 1934) r 

Daniels, Amy L., Ph.D. College Highway, Avon, ,• 
Conn. Retired. (2, 1919; 5, 1933) r 

Danielson, Irvin S,, Ph.D. Pearl River Apart- I' 
ments, Apt. 3H, Pearl River, N. Y. Research ) 
Chemist. (2, 1937) 

Dann, W. J., Ph.D., D.Sc. Duke University j' 
School of Medicine, Durham, N. C. Assoctflk ; 
Professor of Physiology. (2, 1937) !; 

Darby, William J., M.D. , Ph.D. Vanderbilt Univ. 
School of Medicine, Nashville, Tenn. Assistani 
Professor of Biochemistry, Assistant Professor 
of Medicine. (5, 1945) i’. 

Darling, Robert Croly, M.D.* 25 Hammond St., j; 
Cambridge, Mass. Assistant Professor of Indus- 
trial Physiology, Harvard University. (1, 1944) 
Darrow, Chester W., Ph.D. Institute for Juve- 
nile Research, 907 S. Wolcott St., Chicago, IE •; 
Research Psyehologisi, Institute for Juvenile :: 

Research; Associate in Physiology, University 

of Illinois College of Medicine. (1, 1937) i 

Darrow, Daniel Cady, M.D. New Haven Hos- j 
pital. New Haven, Conn. Associate Professor j 
of Pediatrics, Yale University. (2, 1936) | 

Davenport, Horace Willard, B.S., B.Sc. (O.von) : 
Ph.D. Dept, of Physiology, University of Utah, ^ 
Salt Lake City^ 1. (1, 1942) ; 

David, Norman Austin, M.D. University oi 
Oregon Medical School, Portland. -Professor of 
Pharmacology. (3, 1934) 

Davidsohn, Israel, M.D. Mount Sinai Hospital, 
2750 W. 15th Place, Chicago, III. Pathologist 
and Director of Laboratories, Sit. Sinai Ilospitah 
Associate Professor of Pathology, College of 
Sledicine, University of Illinois. (4, 1939; • 
1929) I 

Davis, George Eclso, Ph.D. Nutrition Laboratory, . 
Animal Industry Dept., Agricultural E.vpen 
ment Station, Gainesville, Fla. Nutritiona 
Technologist and Biochemist, Untv. of Flan p 
Florida Agricultural Experiment Station, w* 

Davis, Hallowell, M.D. Harvard Medical School, 
Boston, Mass. Associate Professor of Ph'E' 

ology. (1, 192B) i 

Dnvis, Harry A., M.D., C.M. Dept, of Surgcri- 
"^School of Medicine, Louisiana State Universi j , 
1542 Tulane Avenue, New Orleans. Assocta 
Professor of Surgery. (4, 1944) 
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Da^is, John Emerson, M.S., Ph.D. Univ. of 
Arkansas - Soluiol of Medicine. Little Rock. 
Asmciak Pro/f.s.sor of Pharinac.oloyti onrf 1‘hjis- 
iohgii. (1, l'j41;3, Bin) 

Davson, Hugh, M.Sc., D.Sc. Dnlhousio Univer- 
sity, Halifax, N.S., Canada. Experimental St.a- 
tiohjPorton, Wilts, England. .Issocmtc Professor 
of Physiology. (1, 1941) 

Dawson, James Robertson, Jr., M.D. Vandcr- 
biltMedical School, Xashville, Tenn. Associate 
Professor. (4, 1940) 

Dawson, Percy M., M.D. Duke University Medical 
School, Durham, X. G. Visiting Professor, Dept, 
of Physiology. (1, 1900) 

lay, Harry G., D.Sc. University of Indiana, 
Bloomington. Associate Professor, Dept, of 
Chemistry. (5, 1910) 

lay, Paul L., M.A., Ph.D. University of Ar- 
kansas School of Medicine, Little Rock. Profes- 
sor of Physiologieal Chemistry. (2, 1934; 5, 
1933) 

ie Beer, Edwin J., Ph.D. The Wellcome Research 
Laboratories, Tuckahoe, K. A'. Assistant Director 
of Research. (3, 1944) 

De Bodo, Richard G., M.D. 477 First Ave., New 
York, N. Y. Associate Professor of Pharmacology, 
A'cta York Univ. College of Medicine. (1, 1932; 
3,1931) 

DeEds, Floyd, M..A., Ph.D. 344 Santa .Ana Ave., 
Ban Francisco, Calif. Principal Pharmacologist, 
ll’cstcrn Regional Research Laboratory, SOO 
Bwhanan St., Albany, Calif. (2. 1937 ; 3, 1927) 
Defandorf, James Holmes, Ph.D. Office of the 
Chief of the Chemical Warfare Service, Wash- 
ington, D. C. Colonel, Sn.C. (3, 1940) 
de Gara, Paul F., M.D. 200 Pinehurst Ave., 
Kew Y'ork City. Instructor in Pathology, 
Cornell University Medical College. (6, 1941) 
UeGraff, Arthur C., M.D. New A'ork University 
College of Medicine, New York City. Professor 
of Therapeutics. (3, 1937) 

Deichmann, Wilhelm, M.Sc., Ph.D. 527 McAlpin, 
Cincinnati, 0. Instructor, Kettering Labora- 
lary of Applied Physiology; Instructor in Physi- 
ology, University of Cincinnati, College of Medi- 
cine. (3, 1941) 

del Pozo, E. C., jM.D.* Medellin 196, Mexico, D. 
P-. Mexico. (1, 1943) 

Dempsey, Edward W., Sc.M., Ph.D. Harvard 
^fediial School, Boston, Mass. Instructor in 
Physiology. ( 1 , 1940) 

Dtrbyshire, Arthur J., Ph.D. Wayne University 
College of Aledicine, Detroit, Mich. Associate 
Professor of Physiology. (1, 1939) 
oe Saritsch, Eugene, M.D. Suite 24, 1150 Gon- 
neeticut Ave.. Washington, D. C. Clinical 
in Surgery^ Georgetown University 
School of Medicine. (4, 1934) 


Deuel, Harry J., Jr., Ph.D. University of South- 
ern California Medic.al School, Los Angeles. 
Professor of Biochemisiry. (1, 1928;. 2, 1924; 
5, 1933) 

Dculofeu, Venancio, D. Chera. Casilla Corroo 
2539, Buenos Aires, Argentina. Professor of 
Organic Chemistry, University of Buenos Aires. 
(2, 1942) 

Dcy, Frederick L., Ph.D., M.D.* 5928 N. Paulina 
St., Chicago, 111. Lt. (j.g.), USNB. (1, 1945) 
Dienes, Louis, M.D. Massachusetts General 
Hospital, Boston. Bacleriologisl. (G, 1924) 
Dill, David Bruce, M..-!., Ph.D. Fatigue Laby., 
Soldiers Field, Harvard Univ., Boston, Mass. 
Professor of Indtislrial Physiology. (1, 1941 ; 
2, 1927 ; 5, 1930) 

Dille, James M., M.S., Ph.D, University of Illi- 
nois School of Medicine, 1853 Polk St., Chicago. 
(3, 1939) 

Dillon, Robert T., M.S., Ph.D. % G. D. Searle 
and Co., Box 5110, Chicago 80, 111. Head, Ana- 
lytical Division. (2, 1934) 

Dingle, John H., Sc.D., M.D. Respiratory Dis- 
eases Comm. Lab., Station Hospital, Section 2, 
Fort Bragg, N. C. (G, 1941) 

Di Palma, Joseph R., M.D.* Long Island College 
of Medicine, 350 Henry St., Brooklyn, N. Y. 
Instructor in .Medicine. (1, 1943) 

Disclie, Zacharias, M.D. Dept, of Biochemistry, 
College of Physicians and Surgeons, 630 W. 16Sth 
St., New Y'ork City. (2, 1944) 

Dixon, Harold M., M.D. University of Pennsyl- 
vania, Philadelphia. Associate in Pathology; 
Chief of the Division of Pathology, Philadelphia 
General Hospital. (4, 1930) 

Doan, Charles A., M.D. Ohio State University, 
College of Medicine, Columbus. Dean; Pro- 
fessor of Medicine; Director of Medical Research. 
(4, 1928) 

Dochez, A. Raymond, M.D., Sc.D. (hon.). Pres- 
byterian Hospital, 620 W. 16Sth St., New York 
City. John E. Borne Professor of Medical and 
Surgical Research, Columbia University; Mem- 
ber of National Academy of Sciences. (4, 
prior to 1920; G, 1922) 

Dohan, F. Curtis, M.D. 80 Princeton Rd., 
Cynwyd, Pa. Fellow, George S. Cox Medical 
Research Institute; Associate in Medicine, Uni- 
versity of Pennsylvania, Philadelphia. (1, 1941) 
Doisy, Edward A., M.S., Ph.D., Sc.D. St. Louis 
University School of Aledicine, St. Louis 4, Mo. 
Professor of Biological Chemistry; Member, 
National Academy of Sciences. (2, 1920) 
Dominguez, Rafael, M.D. Saint Luke’s Hospital, 
11311 Shaker Blvd., Cleveland, O. Director of 
Laboratories, St. Luke’s Hospital; Associate in 
Pathology, Western Reserve University. (1, 1935) 
Donahue, D. D., D.Sc. Division of Industrial 
Hygiene, National Institute of He.alth, Bethesda, 
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Md. Physiologist, Toxicology Section, Division 
of Industrial Hygiene, U. 8. Public Health 
Service. (3, 1941) 

Dooley, M, S., M.D. 766 Irving Ave., Syracuse, 
N. Y. Professor of Pharmacology, College of 
Medicine, Syracuse University. (3, 1923) 

Dorfmau, Ralph I., Ph.D . Dept. o£ Biochemistry, 
Western Reserve University School o£ Medicine, 
Cleveland, 0. Assistant Professor of Bio- 
chemistry. (2, 1940) 

Dotti, Louis Basil, M.A., Ph.D. St. Luke’s Hos- 
pital, Amsterdam Ave. and 113th St., New York 
Cit 3 ^ Chemist, St. Luke’s Hospital; Lecturer in 
Physiology and Biochemistry, New York Medical 
College. (1, 1937) 

Doty, J. Roy, Ph.D. American Dental Association 
Bureau of Chemistry, 222 E. Superior St., Chi- 
cago, 111. Associate Chemist. (2, 1941) 

Dounce, Alexander L., Ph.D. Strong Memorial 
Hospital, 260 Crittenden Blvd., Rochester, 
N. Y. Instructor in Biochemistry, University of 
Rochester, School of Medicine and Dentistry. 
(2, 1944) 

Dow, Philip, Ph.D. University of Georgia School 
of Medicine, Augusta. Associate Professor of 
Physiology. (1, 1939) 

Dow, Robert S., M.D., Ph.D. University of 
Oregon Medical School, Portland. Associate 
Professor of Anatomy. (1, 1940) 

Downs, Ardrey W., M.A., M.D., D.Sc., F.A.C.P. 
University of Alberta, Edmonton, Canada. 
Professor of Physiology and Pharmacology. 
(1, 1917) 

Downs, Cora M., Ph.D. 1625 Alabama St., Law- 
rence, Kan. (6, 1929) 

Drabkin, David L., M.D. Medical School, Uni- 
versity of Pennsylvania, Philadelphia. Asso- 
ciate Professor of Physiological Chemistry. (2, 
1928; 5, 1934) 

Dragstedt, Carl A., Ph.D., M.D. Northwestern 
University Medical School, 303 E. Chicago Ave., 
Chicago, 111. Professor of Pharmacology. (1, 
1928; 3, 1932) 

Dragstedt, Lester R., M.D., Ph.D. University of 
Chicago, Chicago, 111. Professor of Surgery. 
(1, 1920) 

Draize, J. H., Ph.D. Division of Pharmacology, 
Food & Drug Administration, U. S. Dept, of 
Agriculture, Washington, D. C. Pharmacologist, 
(3, 1940) 

Drake, T. G. H., M.B., F.R.C.P. (c). University 
of Toronto, Toronto, Canada. Junior Demon- 
strator in Paediatrics, Department of Medicine, 
University of Toronto; Clinical Assistant on 
Active Staff and Associate Director Research 
Laboratory, Hospital for Sick Children. (5, 
1936) 

Draper, William B., M.Sc., M.D. University of 
Colorado School of jMedicine, 4200 E. 9th Ave., 


Denver. Associate Professor of Physiology ani 
Pharmacology. (3, 1938) 

Dreisbach, Robert H., Ph.D., M.D. Stanford 
University School of Medicine, San Francisco 15, 
Calif. Instructor. Onlcave: Capl.,UC,0!fildi2, 
Lovell General Hospital, Ft. Devens, Mass. (3, 
1945) 

Drcsbach, Melvin, M.S., M.D. Hahnemann Medi- 
cal College, Philadelphia, Pa. Visiting Fellow 
in Physiology. (1, 1912) 

Dreyer, Nicholas Bernard, M..A. (Oxon) School 
of Medicine, University of Vermont, Burlington. 
Associate Professor of Physiology and Pharma- 
cology. (3, 1942) 

Drill, Victor Alexander,* Ph.D. Dept, of Pharma- 
cology, Yale University School of Medicine, 333 
Cedar St., New Haven, Conn. Instructor in 
Pharmacology. (1, 1943) 

Drinker, Cecil K., M.D. Harvard University 
School of Public Health, Boston, Mass. Pro- 
fessor of Physiology and Dean. (1, 1915) 
Drinker, Katherine R., M.D. Harvard School of 
Public Health, 55 Shattuck St., Boston, Mass. 
Instructor in Public Health. (1, 1915) 

Dripps, Robert D., M.D. School of Medicine, 
University of Pennsylvania, Philadelphia L 
Assistant Professor of Anesthesiology, Associate 
in Pharmacology. (3, 1945) 

Driver, Robert L., Ph.D.* University of Ala- 
bama, School of hledicine, Box 1503, University- 
Instructor in Physiological Chemistry and Physi- 
ology. (1, 1945) 

Drury, Douglas R., M.D. University of Southern 
California, Los Angeles. Professor of Physi- 
ology. (1, 1932) ^ 

Dubin, Harry E., Ph.D. 250 E. 43rd St., heff 
York City. President, H. E. Dubin Labora- 
tories, Inc. (2, 1925) 

DuBois, Eugene F., M.D. Cornell University 
Medical School, 1300 York Ave., New York, 
N. Y. Professor and Head of the Department of 
Physiology and Biophysics; Attending Physician, 
New York Hospital; Member, National Academy 
of Sciences; Captain (M.G.) U.S.N.R. ( > 
1913; 3, 1921; 5, 1935) 

Dubos, Rene J., Ph.D., D.Sc. Rockefeller Insti- 
tute for Medical Research, 66th St. and or ' 
Ave., New- York City. Member. (6, 1938) 
Dukes, H. H., D.V.M., M.S. 'New York State 
Veterinary College, Cornell University, Itiacfl; 
N. Y. Professor of Veterinary Physiology. > 

Dulaney, Anna D., A.M., Ph.D. Pathologic! 
Institute, University of Tennessee, i 
Assistant Professor of Bacteriology, ^ ® * 

School. (6, 1924) T 7 ..conrch 

Dumke, Paul Rudolph, M.D. Clinical R - 

Section, Medical Research .Lab., '' 
Arsenal, Edgewood, Md. Instructor in a 
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oology, University of Pennsylvania; Captain, 
. M.C. (3,19-12) 

Dunlap, Charles E., ’M-D. Tulano University of 
Louisiana, 1430 Tulano Avo. Ncv\' Orleans. >ls- 
sociate Professor of Pathology. (4, 1942) 

Dunn, Max Shaw, Ph.D. University of Cali- 
fornia, Los Angeles. Professor of Chemistry. 
(2, 1933) 

Dunn, Thelma Brumfield, IM.D. The National 
Cancer Institute, Bethesda, Mel. Research 
Fellow. (4, 1945) 

Dutranf, Edwin Poe, M.A., Ph.D. Ohio State 
University, Columbus. Assoefafe Professor of 
Physiology. (1, 192S) 

Dutcher, R. Adams, M.S., M.A., D.Sc. Pcnnsyl- 
■vania State College, State College. Professor 
and Head of Department of Agricultural Bio- 
chemistry. (2, 1920 ; 5, 1933) 

Duval, Charles Warren, M.D. San Jos6 Hospital, 
San Jos6, Calif. (4, 1913) 
du Vigneaud, Vincent, M.S., Ph.D. Cornell 
University Medical College, 1300 York Ave., 
New York 21, N. Y. Professor of Biochemistry; 
hicmber, National Academy of Sciences. (2, 1929; 
5, 1934) 

Dwotkin, Simon, D.D.S., M.D., G.M. Biology 
Building, McGill University, Montreal, Quebec, 
Canada. Lecturer in Physiology, Faculty of 
Medicine. (1, 1931) 

^le, 3. A., Ph.D. James Law Hall, Cornell 
University, Ithaca, N. Y. Associate Professor 
of Physiology. (1, 1929) 

Dye, Marie, M.S., Ph.D. NIichigan State College, 
Fast Lansing. Dean of Division of Home Eco- 
nomics. (2, 1929 ; 5, 1933) 

Dyer, Helen M., M.S., Ph.D. National Cancer 
Institute, U.S.P.H.S., Bethesda, Md. Research 
Fellow.' 12, 1936; 5, 1937) 

Eadie, George S., Ph.D. Duke University School 
of Medicine, Box 3709, Durham, N. C. Profes- 
sor of Physiology and Pharmacology. (1, 1929; 
3, 1940) 

Eagle, Harry, M.D. Johns Hopkins Hospital, 
Baltimore, Md. Senior Surgeon, U. S. Public 
Health Service; Lecturer in Venereal Diseases, 
dohns Hopkins University Medical School. (4, 
1936) 

*^afle, Wilton R., Ph.D. U. S. Public Health 
Service, National Cancer Institute, Bethesda, 
^W. Principal Cytologisl. (4, 1940) 

Alonzo Guy, M.A., Ph.D. Louisiana 
tate University Medical Center, New Orleans. 
Associotc Professor of Physiology. (1, 1933) 
^on. Jlonroe D., M.D. State Department of 
ublic Health, Influenza Laboratory, 1392 
bniversity Ave., Berkeley, Calif. Staff Mem- 
er. International Health Division of The Rocke- 
Rller Foundation. (G, 1937) 


Ecker, E. E., Ph.D. School of Medicine, Western 
Reserve University, 2085 Adclbert Rd., Cleve- 
land, 0. Professor of Immunology. (4, 1925) 

Eckstein, Henry C., M.S., Ph.D. 320 W. Medical 
Building, University of Michigan, Ann Arbor. 
Associate Professor of Biological Chemistry. 
(2, 1925) 

Eddy, Nathan B., M.D. National Institute of 
Health, Bethesda, Md. Principal Pharmacolo- 
gist, United States Public Health-Service. (1, 
1919; 3, 1929) 

Eddy, Walter H., A.M., Ph.D. 60 E. 42nd St., 
New York, N. Y. Professor Emeritus, Phy- 
siological Chemistry, Teachers College, Columbia 
University. (2, 1913; 5, 1933) 

Edsall, GeolTrcy, M.D. Antitoxin and Vaccine 
Laboratory, 375 South St., Jamaica Plain, Mass. 
Acting Director, Division of Biologic Labora- 
tories, Massachusetts Department of Public 
Health; Associate in Public Health Laboratory 
Methods, Simmons College; Insiruclor in Applied 
Immunology, Harvard School of Public Health. 
(6, 1943) 

Edsall, John Tileston, M.D, Harvard Medical 
School, Boston, Mass. Associate Professor of 
Biological Chemistry and Tutor in Biochemical 
Sciences. (2, 1931). 

Edwards, Dayton J., Ph.D. 1300 York Ave., New 
York City. Associate Professor of Physiology; 
Assistant Dean, Cornell University Medical 
College. (1, 1921) 

Edwards, Jesse E., M.D. 25 Edgehill Rd., Brook- 
line, Mass. (4, 1941) 

Edwards, J. Graham, A.M,, Ph.D. 24 High St., 
Bufi’alo, N. Y. Assistant Professor of Anatomy, 
University of Buffalo. (1, 1932) 

Eggerth, Arnold H., Ph.D. Hoagland Laboratory, 
335 Henry St., Brooklyn, N. Y. Associate 
Professor of Bacteriology, Long Island College 
of Medicine. (4, 1925) 

Ehrenstein, Maximilian R., Ph.D. ■ 806 Maloney 
Clinic, University of Pennsylvania Hospital, 
36th and Spruce Sts., Philadelphia. Assist- 
ant Professor of Chemistry assigned to Medicine 
(2, 1942) 

Ehrich, AVilliam E., M.D. University of Pennsyl- 
vania Medical School, Philadelphia. Assistant 
Professor of Pathology. (4, 1945) 

Eichelberger, Lillian, Ph.D. University of Chi- 
cago, Dept, of Medicine, Chicago, 111. Associate 
Professor of Biochemistry. (2, 1937) 

Eiseman, Anna J., Ph.D. U. S. Public Health 
Service Hospital, Lexington, Ky. Biological 
Chemist. (2, 1930) 

Elderfield, Robert C., Ph.D. Columbia University, 
New York City. Professor of Chemistry Q 
1934) 

Elftman, Herbert, M.A., Ph.D. College of Physi- 
cians and Surgeons, Columbia University, 630 
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W. 168th St., New York City. Assistant Pro- 
fessor in Anatomy. (1, 1940) 

Eliot, Martha M., M.D. United States Children’s 
Bureau, Washington, D. C. Assistant Chief. 
(5, 1933) 

Elliott, K. Allan C., M.Sc., Ph.D. Montreal Neuro- 
logical Institute, 3801 University St., Montreal, 
Canada. Assistant Professor in Neurology, 
McGill University. (2, 1937) 

Ellis, Frederick W,, M.D. Monson, Maas. (1, 
1887) 

Ellis, Fred W., M.S., Ph.D. University of North 
Carolina, Chapel Hill. Assistant Professor of 
Pharmacology. (3, 1945) 

Ellis, Lillian N., Ph.D. Adelphi College, Garden 
City, N. y. (5, 1940) 

Ellis, Max Mapes, A.M., Ph.D., Sc.D. Medical 
School, University of Missouri, Columbia. 
Professor of Physiology and Pharmacology . (1, 

1923) 

Ellis, N. R., M.S. Bureau of Animal Industry, 
U. S. Department of Agriculture, Agricultural 
Research Center, Beltsville, Md. Principal 
Chemist, Animal Husbandry Division. (2, 1928; 
5, 1933) 

Elser, William J., M.D. Kent, Conn. (6, 1920) 

Elvehjem, Conrad Arnold, M.S., Ph.D., Sc.D. 
Biochemistry Building, University of Wisconsin, 
Madison. Professor of Biochemistry; Member, 
National Academy of Sciences. (2, 1931; 5, 
1933) 

Emerson, George A., M.S., Ph.D. University of 
Texas, Medical Branch, Galveston. Professor of 
Pharmacology. (3, 1935) 

Emerson, Gladys A., Ph.D. Merck Institute of 
Therapeutic Research, Rahway, N. J. Nutri- 
tionist. (5, 1942) 

Emerson, Oliver H., Ph.D. Western Regional 
Research Laboratory, U. S. Dept, of Agricul- 
ture, Albany 6, Calif. Associate Chemist. 
(2, 1938) 

Emery, Frederick E., D.V.M., M.S., Ph.D. Uni- 
versity of Arkansas School of Medicine, Little 
Rock. Professor of Physiology and Pharma- 
cology. (1, 1930) 

Emmett, Arthur D., M.A., Ph.D. Research De- 
partment, Parke, Davis & Co., Detroit, Mich. 
Assistant Director of Research. (2, 1908 ; 5, 
1933) 

Enders, John F., A.M., Ph.D. Department of 

, Bacteriology, Medical School, Harvard Uni- 
versity, Boston, Mass. Assistant Professor of 
Bacteriology and Immunology. (6, 1936) 

Engle, Earl Theron, Ph.D. College of Physicians 
and Surgeons, Columbia University, 630 W. 
168th St., New York City. Professor of Anat- 
omy. (1, 1930) 

Epstein, Albert A., M.D. 1111 Madison Ave., 
New York City. Physician, Beth Israel Hos- 


pital; Physician, Hospital for Joint Diseases. 
(2, 1912) 

Erickson, Cyrus C., M.D. Duke University 
School of Medicine, Durham, N. C. Associate 
in Pathology. (4, 1941) 

Erlanger, Joseph, M.D., LL.D., Sc.D. Washing- 
ton University School of Medicine, 4580 Scott 
Ave., St. Louis, Mo. Professor of Physiology; 
Member of the National Academy of Sciences. 
(1, 1901) 

Espe, Dwight L., Ph.D. Iowa State College, 
Ames. Assistant Research Professor in Dairy 
Husbandry. (1, 1940) 

Essex, Hiram E., M.S., Ph.D . Mayo Foundation, 
Rochester, Minn. Professor of Physiology, 
Institute of Experimental Medicine. (1, 1932; 
3, 1940) 

Ettinger, C. H., M.D., C.M., F.R.S.C.* Queen’s 
University, Kingston, Canada. Professor oj 
Physiology. (1, 1943) 

Evans, Earl Alison, Jr., Ph.D. Department of 
Biochemistry, University of Chicago, Chicago, 
111. Professor and Chairman of Department. (2, 

1939) 

Evans, Everett Idris, M.D., Ph.D. Department 
of Surgery, Medical College of Virginia, Rich- 
mond. Assistant Professor of Surgery, (b 
1935) 

Evans, Gerald Taylor, M.D., Ph.D. University 
of Minnesota Hospitals, Minneapolis. Director 
of Laboratory Service, University of Minnesota 
Hospitals; Associate Professor of Medtcine, 
University of Minnesota. (1, 1942) 

Evans, Herbert M., M.D. University of Cali- 
fornia, Berkeley. Professor of Anatomy and 
Director of Institute of Experimental Biology; 
Member of the National Academy of Sciences. 
(1, 1919) 

Evans, William E., Jr., M.S., Ph.D. University 
of Maryland Medical School, Baltimore. As- 
sistant Professor of Pharmacology. (3, 1940) 

Eveleth, D. F., Ph.D., D.V.M. North Dakota 
Agricultural College, Fargo. Professor, Vol- 
erinary Science, North Dakota Agricxdtural 
Experiment Station. (2, 1939) 

Everett, Mark Reuben, Ph.D. University o 
Oklahoma Medical School, Oklahoma City- 
Professor of Biochemistry. (2, 1929) 

Ewing, P. L., M.S., Ph.D. University of Texas 
School of Medicine, Galveston. Associate Pro 
fessor of Pharmacology. (3, 1938) 

Eyster, John A. English, M.D. University o 
Wisconsin, Madison. Professor of Physiology- 
(1, 1906; 3, 1908) . . 

Fahr, George, M.D. 102 Millard Hall. University 
of Minnesota Medical School, Minneapo i- 
pTofesBOT of Clinical Medicine* (If ' 

1940) 
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Faiic.v, Crawford F., Pli.D. 017 East 5Sth St., 
Cliic.ngo 37, 111. Associate Professor of Bio- 
chcmislnj:, Uuircrsitij of Chirmjo. (2, 1033) 
Fairhall, Lawrence T., M.A., Pli.D. U. S. Public 
Health Service, IVashington, D. C. Principal 
Induslrial Toxicologist. (2, 1924). 

Falk, Carolyn R., B.A. 40 E. GGth St., Now York 
City. Bacteriologist, Bureau of Laboratories, 
iVeio York City Dept, of Health. (6, 1943) 

Falk,K. George, Ph.D. 40 E. GGtli St., Now York 
City. Director, Laboratory of hidustrial Hy- 
giene. (2, 1913) 

Famulener, Lemuel \V., Ph.C., M.D. 27S Engle St., 
Englewood, N. J. (6, 1920) 

Farber, Sidney, M.D. Harvard Medical School, 
25 Shattuck St., Boston, Mass. Assistant 
Professor of Pathology. (4, 1934) 

Farmer, Chester J., A.M. Northwestern Medical 
School, 303 E. Chicago Avo.,- Chicago, 111. Pro- 
fessor of Chemistry. (2, 1935) 

Farr, Lee E., M.D. Alfred I. duPont Institute, 
Wilmington, Del. Director of Research. (4, 
1941) 

Farrell, James I., Ph.D., M.D. 17 Chatauqua PL, 
Bradford, Pa. (1, 193S) 

Fassetf, David W., M.D. Department of Thera- 
peutics, New York University College of Medi- 
cine, 414 E. 26 St., New York City. Fellow, 
Department of Therapeutics. (3, 1942) 

Favorite, Grant O., M.D. 1313 Andover Rd., 
Overbrook, Philadelphia, Pa. Professor of 
Docteriology, Hahnemann Medical College, Phil- 
adelphia. (G, 1943) 

Fay, Marion, M.A., Ph.D, Woman’s Medical 
College of Pennsylvania, East Falls, Phila- 
delphia 29. Professor of Physiological Chemistry. 
(2, 1937) ■ 

Feldman, Harry A., M.D. University of Tennes- 
see, Memphis. Fellow (pn leave) in Medicine, 
Harvard Medical School; Capl., A US, Chief 
Div. Bad. (G, 1943) 

Feldman, William H., D.V.M., M.S. The Mayo 
Foundation, Rochester, Minn. Associate in the 
Division of Experimental Surgery and Pathology. 
(L 1934) 

Fell.Norbert, Ph.D. Parke. Davis* Co., Detroit, 
51ich. In charge of Immunochemical Research. 
(6. 1944) 

Feller, Alto E., M.D. Commission on Acute Res- 
piratory' Diseases, Station Hospital, Section 2, 
ort Bragg, N . C. Consultant to Secretary of War. 
(B, 1943) 

fallows, Edwin J., il.S., Ph.D. Temple Uni- 
'eraity School of Medicine, Philadelphia, Pa. 

ssistont Professor of Pharmacology. (3, 1939) 
e ton, Lloyd D., M.D., D.Sc. Division of Infec- 
National Institute of Health, 
snd E Sts., N .W., Washington, D. C. Senior 


Surgeon, United Stales Public Health Service. 
(6, 1920) 

Fcnn, Wallace Osgood, A.M., Ph.D. University of 
Rochester School of Medicine and Dentistry, 
260 Crittenden Blvd., Rochester,, N. Y. Profes- 
sor of Physiology; Member, Nalional Academy of 
Sciences. (1, 1924) 

Penning, Con, AI.D., M.A. University of Utah 
School of Medicine, Salt Lake City. Professor 
of Pharmacology and Physiology. (1, 1942) 

Ferguson, James Kenneth Wallace, M.A., M.D. 
76 Kilbarry Rd., Toronto, Ontario, Canada. 
Assistant Professor of Pharmacology, University 
of Toronto. Wing Commander, R.C.A.F. (1, 
1933; 3, i641) 

Ferguson, John Howard, M.D,, M.A., L.M.S.S.A. 
Dept, of Physiology, School of Medicine, Univer- 
sity of North Carolina, Chapel Hill. Professor of 
Physiology and Acting Professor of Pharmacol- 
ogy. (1, 1933 ; 3, 1939) 

Ferguson, L. Kraeer, M.D. 133 S. 36th St. 
Philadelphia, Pa. Assistant Professor of Sur- 
gery, University of Pennsylvania; Surgeon, 
Philadelphia General Hospital; Assistant Sur- 
geon, University of Pennsylvania Hospital. 
(4, 1935) 

Ferry, John Douglass, Ph.D. Department of 
Physical Chemistry Harvard Medical School, 
25 Shattuck St., Boston, Mass. Research Asso- 
ciate. (2, 1941) 

Ferry, Newell S., M.D., Parke, & Davis Co 
Detroit, Mich. Assistant Director' of Research. 
(6, 1916) 

Ferry, Ronald M., M.D. 966 Memorial Drive, 
Cambridge, Mass. Master of John Winthrop 
House. (2, 1924) 

Fetcher, Edwin S., Jr., Ph.D.* 1800 Shroyer 
Road, Dayton, Ohio. Special Consultant to the 
Army Air Forces, AAF Materiel Command, 
Wright Field. (1, 1944) 

Fetter, Dorothy, Ph.D.* Department of Hygiene, 
Brooklyn College, Brooklyn, N. Y. Instructor in 
Physiology. (1, 1944) 

Fevold, Harry L., M.S., Ph.D. Western Regional 
Research Laboi'atory, Albany 6, Calif. Bio- 
chemisl, U. S. Dept, of Agriculture. (2, 1942) 

Field, John, II, A.M., Ph.D. Stanford Univer- 
sity, Stanford, Calif. Professor of Physiology. 
(1, 1930) 

Fincke, Margaret L., Ph.D. Oregon State College, 
Corvallis. Associate Professor of Foods and 
Nutrition, School of Home Economics. (5, 
1940) 

Findley, Thomas, Jr., M.D. Ochsner' Clinic, 
3503 Prytania, New Orleans, La. Head of the 
Department of Internal Medicine, Ochsner 
Clinic, New Orleans; Assistant Professor of 
Clinical Medicine, Tulane University School of 
Medicine. (1, 1938) 
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Fine, Morris S., Ph.D. Central Laboratories, 
General Foods Corporation, Hoboken, N. J. 
Director of Research. (2, 1912; 5, 1933) 

Finland, Maxwell, B.S. Boston City Hospital, 
Boston, Mass. Assistant Professor of Medicine, 
Harvard Medical School. (6, 1941) 

Firor, Warfield Monroe, M.D. Johns Hopkins 
Hospital, Baltimore, Md. Associate Professor 
of Surgery, Johns Hopkins University. (1, 1932) 
Fischer, Ernst, M.D., Dr. habil. Medical College 
of Virginia, Richmond. Professor of Physiology 
(1, 1936) 

Fischer, Hermann O. L., Ph.D. Banting Insti- 
tute, 100 College St., University of Toronto, 
Toronto 5, Canada. Research Professor of Or- 
ganic Chemistry. (2, 1940) 

Fischer, Martin H., M.D. ,Pharm.D. (hon.),Sc.D. 
University of Cincinnati College of Medicinei 
Eden Ave., Cincinnati 19, 0. Professor of Phys- 
iology. (1, 1901 ; 2, 1919) 

Fishberg, Ella H., M.A., M.D. Beth Israel Hos- 
pital, Stuyvesant Park East, New York City. 
Biochemist. (2, 1931) 

Fisher, Albert Madden, M.A., Ph.D. Connaught 
Laboratories, University of Toronto, Toronto, 
Canada. Research Associate. (2, 1944) 

Fisher, Kenneth C., M.A., Ph.D. University of 
Toronto, Toronto, Ont., Canajia. Assistant 
Professor of Physiological Zoology. (1, 1940) 
Fiske, Cyrus H., M.D. Harvard Medical School, 
Boston, Mass. Professor of Biological Chemis- 
try. (2,1914) 

Fitzgerald, Mabel P., 54 A, George Sq., Edinburgh, 
Scotland. (1, 1913) 

Fitzhugh, O. Garth, Ph.D. Division of Pharma- 
cology, Food and Drug Administration, Federal 
Security Agency, Washington, D. C. Pharma- 
cologist. (3, 1940) 

Fleischmann, Walter, M.D., Ph.D. Harriet Lane 
Home, Johns Hopkins Hospital, Baltimore, 
Md. Associate in Pediatrics, Johns Hopkins 
University. (1, 1940) 

Fleisher, Moyer S., M.D. Jewish Hospital, St. 
Louis, Mo. Research Bacteriologist. (4, 1924; 
6, 1932) 

Flexner, Louis B., M.D. Department of Embry- 
ology, Carnegie Institution of Washington, 
Wolfe and Madison Sts., Baltimore, Md. Re- 
search Associate. (1, 1933) 

Flock, Eunice V., Ph.D. Mayo Clinic, Rochester, 
hlinn. Assistant Professor of Biochemistry, 
University of Minnesota; Associate Professor in 
Experimental Medicine, The Mayo Foundation. 
(2, 1940) 

Florman, Alfred L., JiI.D. 70S Newark Ave., Jer- 
sey' City, N. J. (6, 1942) 


Flosdorf, Earl W., Ph.D. Forest Grove, Bucks Co., 
Pa. Research — University of Pennsylvania School 
of Medicine. (6, 1941) 

Floyd, Cleveland, M.D., Sc.D. 246 Marlborough 
St., Boston, Mass. Chief Examiner, Boston 
Health Dept. (6, 1916) 

Foa, Piero Pio, Ph.D.* 710 S. Wolcott St., Chicago, 
111. Assistant Professor of Physiology, Chicago 
Medical School. (1, 1944) 

Folch, Jordi, M.D. McLean Hospital, Waverly, 
Mass. Assistant Professor of Biological Chemis- 
try, Harvard Medical School. Director of Scien- 
tific Research, McLean Hospital. (2, 1941). 

Follensby, Edna M., Ph.G. 80 E. Concord St., 
Boston, Mass. Research Assistant, Evans Me- 
morial. (6, 1933) 

Follis, Richard H., Jr., M.D. Duke Univ. Medi- 
cal School, Durham, N. C. Associate Professorof 
Pathology. (4, 1942) 

Foot, Nathan Chandler, M.D. 340 E. 72nd St., 
New York City. Professor of Surgical Pathol- 
ogy, Cornell University Medical College; Surgical 
Pathologist, New York Hospital. (4, 1924) 

Forbes, Alexander, A. M., M.D. Harvard Medi- 
cal School, Boston, Mass. Professor of Physi- 
ology; Member of the National Academy of 
Sciences. (1, 1910) 

Forbes, Ernest B., Ph.D. State College, Pa- 
Director of the Institute of Animal Nutrition. 
(1, 1917; 5, 1935) 

Forbes, Henry S., M.D. Forest St., Milton, Mass. 
Associate in Neuropathology, Harvard Medical 
School. (1, 1931) 

Forbes, John C., M.A., Ph.D. Medical College of 
Virginia, Richmond. Research Professor of 
Biochemistry. (2, 1937) 

Forbes, William H., M.A., Ph.D.* Harvard Uni- 
versity, Fatigue Laboratory, Boston, Mass. 
Research Fellow, Assistant Director of Fatigue 
Lab., Assistant Professor of Industrial Physiol- 
ogy. (1, 1943) 

Fosdick, Leonard S., Ph.D. 311 E. Chicago Ave., 
Chicago, Rl. Professor of Chemistry, Northwcsl- 
ern University. (2, 1944) 

Foster, G. L., Ph.D. College of Physicians and 
Surgeons, 630 W. 168th St., New York City- 
Associate Professor of Biological Chemistry. 
(2, 1923) 

Foster, Harry E., M.D. Cutter Laboratory, 
Berkeley, Calif. Medical Director. (6, 1913) 

Foster, Robert H. K., Ph.D., M.D. St. 
University School of Medicine, St. Louis, Mo. 
Associate Professor of Pl^armacology. (L 1940i 
3, 1944) 

Foster, Ruth A. C., Ph.D. Dept, of Botany anO 
Bacteriology', University of Texas, Austin. 
Instructor. (6, 1943) , 

Fothergill, LeRoy D., AI.D. Harvard Medical 
School, Boston 15, Alass. Assistant Professor oj 
Bacteriology and Immunology. (6, 1930) 
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Fraenkcl-Conrat, Heinz, M.D., Ph.D. Western 
Regional Research Laboratory, U. S. Dept, of 
Agriculture, Albany G, Calif. Chemist. (2, 
1942) 

Francis, Thomas, Jr., M.D., M.S. (lion.), Sc.D. 
(hon.). School of Public Health, University of 
Michigan, Ann Arbor. Professor of Epidemi- 
ology. (4, 1940; G, 1930) 

Franke, Florent E., M.D. 9 Sj’lvestcr, Webster 
Groves, Mo. Assistant Professor of Physiology, 
St. Louis University School of Medicine. (I, 
1934) 

Frankel, Edward M., Ph.D. 214 River Rd., Nyack, 
N. y. Consulting Chemist. (2, 1910) 

Fraser, Alexander MacLeod, A.M., M.D., C.M. 
McGill University, Montreal, Canada. Lec- 
turer in Pharmaeology. (3, 1939) 

Fraser, Donald . T., M.B. Connaught Labora- 
tories, University of Toronto, Toronto 5, Canada. 
Professor of Hygiene and Preventive Medicine. 
(G. 1935) 

Free, Alfred H. School of Medicine, Western Re- 
serve University, Cleveland, O. Asst. Professor 
of Biochemistry. (5, 1944) 

Freeman, Harry, M .D . Worcester State Hospital , 
Worcester, Mass. Internist, Research Service. 
(1. 1939) 

Freeman, Leslie Willard, Ph.D., M.D.* 2111— 
loth Street A, Moline, 111. Lt., Medical Corps, 
AGS. (1, 1944) 

Freeman, Norman, E., M.D. University of Penn- 
sylvania Medical School, Philadelphia. J. Wm. 
IFAitc. Asstsfant Professor of Research Surgery. 
(1, 1936) 

Freeman, Smith, M.D., Ph.D. Northwestern 
University School of Medicine, 303 E. Chicago 
Ave., Chicago, 111.- Assistant Professor of 
Physiology and Pharmacology. (1, 1937) 

Freund, Jules, M.D. Public Health Research In- 
stitute of the City of New York, Foot of E. 
15th St., New York, N. Y. Member. (4, 1930; 
6. 1924) 

Ftiedemann, Theodore E., M.A., Ph.D. North- 
western University Medical School, 303 E. 
Chicago Ave., Chicago, 111. Associate Professor 
of Physiology. (2,1925) 

dedemann, Ulrich, M.D. Department of Bac- 
teriology, The Jewish Hospital of Brooklyn, 
Glasson and St. Marks Ave., Brooklyn, N. Y. 
(6, 193S) 

Ftiedewald, William F., M.D. Emory University 
School of Medicine, Atlanta, Ga. Professor of 
Boctcriology; Associate Professor of Medicine. 
(4. 1941-) 

Frwdgood, Harry B., M.D. 2943 Queensburg 
Uoad, Los Angeles 34, Calif. (1, 1936) 

'■edman, Maurice H., Ph.D., M.D. Hunter Field 
Regional Hospital. Hunter Field, Ga. Captain 
G) A US, Chief, Gasiro-cnierology. (I, 1929) 


Friedman, M. H. F., M.A., Ph.D. Jefferson Medi- 
cal College of Philadelphia, 1025 Walnut St., 
Philadelphia, Pa. Assistant Professor of Physiol- 
ogy. (1, 1941) 

Friedman, Nathan B., M.D. Stanford University 
School of Medicine, San Francisco, Calif. In- 
structor in Pathology. Army Medical Museum, 
7th <fe Independence, Washington, D.C. (4, 1942) 
Frisch, Arthur W., Ph.D., M.D. College of Medi- 
cine, Wayne University, Detroit, Mich. In- 
structor. (G, 1938) 

Fruton, J. S., Ph.D. Yale School of Medicine, 
333 Cedar St., New Haven, Conn. Associate 
Professor of Physiological Chemistry. (2, 1938) 
Fugo, Nicholas W., M.S., Ph.D. State University 
of Iowa, Medical School, Iowa City. Instructor in 
Pharmacology, on leave. (3, 1944) 

Fulton, John Farquhar, M.A., Ph.D,, M.D. Yale 
University School of Medicine, New Haven, 
Conn. Sterling Professor of Physiology. (1, 
1925) 

Funk, Casimir, D.Sc., Ph.D. ISG Riverside Drive, 
New York 24, N. Y. (2, 1921) 

Furth, Jacob, M.D. Cornell University Medical 
College, 1300 York Ave., New York City. Pro- 
fessor of Pathology. (4, 1932; 6, 1930) 

Gaebler, Oliver H., Ph.D., M.D. Henry Ford 
Hospital, Detroit, Mich. Associate in Chem- 
istry. (2, 1927) 

Gafiron, Hans, Ph.D. Chemical Department, 
University of Chicago, Chicago, HI. Research 
Associate (Assistant Professor). (2, 1941) 
Gagge, Adolf Pharo, Ph.D. Aeromedical Re- 
search Laboratory, WYight Field, Dayton, O. 
Lt. Col.; Chief, Biophysics Branch, Air Corps, 
V. S. Army; on leave from Yale University and 
John B. Pierce Laboratory of Hygiene. (1, 1939) 
Galambos, Robert, M.A., PhD. University of 
Rochester School of Medicine and Dentistry, 
260 Crittenden Blvd., Rochester, N. Y. (1, 1942) 
Gall, Edward A., M.D. Bethesda Hospital, 
Cincinnati, O. Assistant Professor of Pathology, 
College of Medicine, University of Cincinnati. 
(4, 1941) 

Gallagher, Thomas F., Ph.D. University of 
Chicago, Chicago, HI. Associate Professor of 
Biochemistry. (2, 1932) 

Gallup, Willis D., M.S., Ph.D. Oklahoma Agri- 
cultural and Mechanical College, Stillwater. 
Chemist and Professor of Agricultural Chemistry.' 
(2, 1932) 

Gamble, James L., M.D., S.M. 33 Edgehill Rd., 
Brookline, Alass. Professor of Pediatrics, Har- 
vard Medical School. (2, 1922 ; 5, 1933) 

Gantt, W. Horsley, M.D. Phipps Psychiatric 
Clinic, Johns Hopkins Hospital, Baltimore, Md. 
Associate in Psychiatry. (I, 1935) 

Garbat, Abraham L., 1\I.D. 103 E. 7Sth St., 
New York City. Attending Physician, Lenox 
Hill Hospital. (6, 1913) 
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Gardner, Leroy U., M.D. Saranac Laboratory 
for Study of Tuberculosis, Saranac Lake, N. Y. 
Director of the Trudeau Foundation. (4, 1927) 
Garrey, Walter Eugene, Ph.D., M.D. Vanderbilt 
University School of Medicine, Nashville, Tenn. 
Professor Erncritits of Phjsiology. (1, 1910; 

2, 1906) 

Gasser, Herbert S., A.M., M.D., Sc.D. (hon.) 
Rockefeller Institute for Medical Research, 
66th St. and York Ave., New York City. Di- 
rector of Laboratories; Member of the National 
Academy of Sciences. (1, 1915; 3, 1924) 

Gates, Olive, M.D. 25 Shattuck St., Boston, Mass. 

Associate Pathologist. (4, 1940) 

Gaunt, Robert, Ph.D. Washington Square Col- 
lege, New York University, New York City. 
Associate Professor of Biology. (1, 1939) 

Gay, Leslie N., M.D. 1114 St. Paul St., Balti- 
more, Md. Director of the Allergy Clinic, 
Johns Hopkins Hospital; Visiting Physician to 
Johns Hopkins Hospital; Associate in Medicine, 
Johns Hopkins University. (6, 1927) 

Geiling, E. M. K., M.S., M.D., Ph.D. University 
of Chicago, Chicago, 111. Frank P. Hixon Dis- 
tinguished Service Professor of Pharmacology 
and Chairman of Department. (1, 1933; 2, 1927; 

3, 1925) 

Gelfan, Samuel, Ph.D. College of Physicians and 
Surgeons, Columbia University, 630 West 168th 
St',, New York 32, N. Y. Assistant Professor of 
Physiology. (1, 1930) 

Gellhorn, Ernst, M.D., Ph.D. Room 116, Medical 
Sciences, University of Minnesota, Minneap- 
olis. Professor of Neurophysiology. (1, 1930) 
Gemmill, Chalmers L., hl.D. Medical School, 
University of Virginia, Charlottesville. Pro- 
fessor of Pharmacology. (1, 1928; 2, 1935) 
Gerard, R. W., Ph.D., M.D. University of 
Chicago, Chicago, 111. Professor of Physiology. 
(1, 1927) 

Gerstenberger, Henry John, M.D. Western 
Reserve University, Cleveland, O. Professor 
of Pediatrics, School of Medicine, Western Re- 
serve University; Director of Pediairir..s, Babies 
and Children’s Hospital. (5, 1938) 

Gesell, Robert, M.D. University of Michigan, 
Ann Arbor. Professor of Physiology. (1, 1913) 
Gettler, Alexander O., A.M., Ph.D., LL.D. New 
York University, 29 Washington Place, New 
York City. Professor of Chemistry and Toxi- 
cology; Toxicologist to Chief Medical Examiner’s 
Office. (2, 1916) 

Gey, George Otto, AI.D. Division for Cellular 
Pathology, Room 531, Dispensary Building, 
Johns Hopkins Hospital and University, Balti- 
more 5, Md. Instructor in Surgery. (1, 1940) 
Gibbs, Frederick Andrews, M.D. 720 N. Michi- 
gan .Kve., Suite 610, Chicago, 111. (1, 1935) 


Gibbs, Owen Stanley, M.E., Ch.B. (Edin.),M.D. 
1544-46 Netherwood, Memphis 6, Tenn. Re- 
search Consultant. (1, 1935; 3, 1930) 

Gibson, Robert Banks, Ph.D. University Hos- 
pital, Iowa City, Iowa. Associate Professor of 
Biochemistry, State University of .Iowa. (1, 
1907; 2, 1906) 

Gies, William John, M.S,, Ph.D., Sc.D., LL.D., 
F.A.C.D. 032 W. 168th St., New York City. 
Professor of Biological Chemistry, Columbia 
University. (1, 1898; 2, 1906; 3, 1909) 
Gilbert, Ruth, A.M., M.D. R.F.D. 2, Altamont, 
N. Y. Baclcriologisl, New York Slate Hepart- 
ment of Health, Albany. (6, 1920) 

Gilman, Alfred, Ph.D. Edgewood Arsenal, Md. 

Major, Sn.C., A.U.S. (1, 1935; 3, 1934) 
Gilson, Arthur S., Jr., A.M., Ph.D. Washington 
University Medical School, St. Louis, Mo. 
Associate Professor of Physiology-. (1, 1927) 
GUbens, Thomas Stotesbury, M.D. The Cam- 
bridge, Wissahickon and Chelten Aves., Ger- 
mantown, Philadelphia, Pa. (1, 1915) 
Givens, Maurice H., Ph.D. Box 3836, Peninsula 
Station, D.aytona Beach, Fla. (1, 1917 ; 2, 1915) 
Glaser, O. C., Ph.D. Amherst College, Amherst, 
Mass. Professor of Biology. (1,1913) 

Glazko, Anthony J., Ph.D. 1732 Marin Ave., 
Berkeley 6, Calif. (1, 1942) 

Click, David, Ph.D. Russell-Miller Milling Co. 
Minneapolis, Minn. Head, Vitamin and Enzyme 
Research. (2, 1936) 

Goebel, Walther F., Ph.D. The Rockefeller In- 
stitute for Medical Research, 66th St. and 
York Ave., New York City. Member. \2, 1929; 
6, 1937) 

Goerner, Alfred, Ph.G., Pharm. D., M.D. bo’^S 
Island College of Medicine, 350 Henry St-, 
Brooklyn, N. Y. Associate Professor of Ufo- 
logical Chemistry, (2, 1939) 

Goettsch, Marianne, Ph.D. School of Tropical 
Medicine of Columbia University, San Juan, 
Puerto Rico. Assistant Professor of Chemistry. 
(2, 1933 ,-5,1941) 

Gold, Harry, M.D. 1300 York Ave., New lorK 
City. Assistant Professor of Pharmacology, 
Cornell Medical College. (3, 1927) 

Goldblatt, Harry, M.D. Western Reserve Uni- 
versity, Cleveland, 0. Professor of Expen- 
mental Pathology, and Associate Director, n- 
slilidc of Pathology. (1, 1945; 4, 1927) 
Goldfarb, Walter, M.D. 120 Station HospitM, 
A. P. O. 508, New York, N. Y. Captain, M.O. 

(h 1938) . 

Goldforb, A. J., Ph.D. College of the City oi 
New York, New York City. Professor oj 
Biology. (1, 1930) , , 

Goldie, Horace, M.D., D.T.M. ■ Nanuet, A- ^ • 
City of New York, Dept, of Health. (6, UWt 
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Goldring, Wiliam, M.D. New York University 
College of Medicine, 477 First Ave., New York 
City. Professor of Medicine, (1, 1939) 
Goldschmidt, Samuel, Ph.D. University of Penn- 
sylrania Medical School, Philadelphia. Asso- 
ciate Professor of Physiology. (1, 1919 ; 2, 1915) 
Goldsmith, Grace ' A. Tulane University of 
Louisiana, New Orleans. (5, 1943) 

Golub, Orville J., IM.S. United States Naval 
Eeserve Laboratory Research Unit No. 1, Uni- 
versity of California, Berkelcj’. Bacteriologist. 
(6, 1944) 

Goodman, Louis Sanford, M.A., M.D. University 
of Utah School of Medicine, Salt Lake City. 
Professor of Pharmacology and Chairman of the 
Department of Pharmacology and Physiology. 
(3, 1937) 

Goodner, Kenneth, Ph.D. Rockefeller Founda- 
tion, 49 W. 49th St., New York Citj’. Associate. 
(6, 1932) 

Goodpasture, Ernest William, M.D. Vanderbilt 
University Medical School, Nashville, Tenn. 
Professor of Pathology and Dean. (4, 1923) 
Gordon, Albert S., M.S., Ph.D. Washington 
Square College of Arts and Sciences, New York 
University, New York City. Assistant Professor 
of Biology. (1, 1942) 

Gordon, Harry H., M.D. 525 E. 6Sth St., New 
Vork City. Associate in Pediatrics, Cornell 
University Medical School; Associate Attending 
Pediatrician, New York Hospital; Medical 
Officer, U. S. Dept. Labor. (5, 1940) 

Gordon, Irving, M.D, Commission on Acute Res- 
piratory Diseases, Station Hospital )5t2, Fort 
Bragg, N. C. (G, 1943) 

Gordon, William G., M.A., Ph.D. Eastern Re- 
gional Research Laboratory, U. S. Department 
of Agriculture, Chestnut Hill Station, Phila- 
delphia, Pa. Chemist. (2, 1939) 

Harold, Ph.D. University of California 
College of Agriculture, Davis. Professor of 
Animal Husbandry. (2, 1936; 5, 1933) 

Gotfschall, Russell Y., M.S., Ph.D. Bureau of 
Laboratories, Michigan Department of Health, 
Lansing. Bacteriologist. (G, 1939) 

Goudsmit, Arnoldus, Jr., M.D., Ph.D. 40 Roberts 
Avenue, Glenside, Pa. Medical Corps, 232 Gen- 
eral Hospital, Camp Berkeley, Texas. (1, 1940) 
Gorier, William M., AI.D. Sharp and Do.hme, Inc., 
GIcnolden, Pa. Pharmacologist — Medical-Re- 
search Division. (3, 1944) 

GrabQeld, G. Philip, M.D. 27 Forest St., Milton, 
Associate in Medicine and Pharmacology, 
arvard Medical School. {At present on leave of 
absence; Col. M.C., U. S. A.) (3, 1923) 

'a y, Hugh G., M.D. Fitzgerald-Mercy Hos- 

Darby, Pa. Director of Laboratories. 
(4, 1940) 


Graef, Irving, M.D. New York University Col- 
lege of Medicine, New York City. Associate 
Professor of Pathology; Pathologist, Bellevue 
Hospital and- New York University Clinic. 
(4, 1941) 

Graham, Clarence H., Ph.D. Columbia Univer- 
sity, New York 27, N. Y. Professor of Psychol- 
ogy. (1, 1933) 

Graham, Helen Tredway, A.M., Ph.D. Euclid 
Ave. and Kingshighway, St. Louis, Mo. Asso- 
ciate Professor of Pharmacology, Washington 
University School of Medicine. (1, 1933; 3, 
1931) 

Grant, R. Lorimer, M.S., Ph.D. Division of 
Pharmacology, Food and Drug Administration, 
Federal Security Agency, Washington 25, D. C. 
Pharmacologist. (2, 1938) 

Granbard, Mark, M.A., Ph.D. 3427 Oakwood Ter., 
N. W., Washington, D. C. (1, 1940) 

Grauer, Robert C., M.D. Allegheny General 
Hospital, Pittsburgh, Pa. Head of Department 
of Research in Endocrinology and Metabolism, 
William H. Singer Memorial Research Labora- 
tory; Lecturer in Pathology, School of Medicine, 
University of Pittsburgh. (4, 1941) 

Gray, John S., M.S., Ph.D. Research Division, 
School of Aviation Medicine, Randolph Field, 
Texas. Assistant Professor of Physiology, 
Northwestern University Medical School, 
Chicago, 111. {on leave). (1, 1937) 

Gray, Samuel H., M.D. The Jewish Hospital of 
St. Louis, Kingshighway and Forest Park Blvd., 
St. Louis, Mo. Pathologist, Jewish Hospital; 
Director of Laboratories, City Hospitals; Asso- 
ciate Professor of Pathology, Washington Uni- 
versity. (4, 1939) 

Greaves, J. D., M.S., Ph.D. AVestern Regional 
Research Laby., U. S. Dept, of Agriculture, 800 
Buclianan St., Albany 6, Calif. Biochemist. 
(2, 1938) 

Greaves, Joseph E., Ph.D. Utah State Agricul- 
tural College, Logan. Professor and Head of 
Department of Bacteriology and Biochemistry. 
(2, 1940) 

Greeley, Paul O., A.M., Ph.D., M.D. University 
of Southern California Aledical School, Univer- 
sity Park, Los Angeles. Dept, of Aviation Medi- 
cine. (1, 1940) 

Green, Arda Alden, M.D. Cleveland Clinic, 
Euclid and E. 93rd St., Cleveland 6, 0. Research 
Division. (2, 1932) 

Green, Daniel M., AI.D. Kings County Hospital, 
Seattle, Wash. Instructor, Pharmacology and 
Therapeutics, University of Tennessee {on 
leave). Lt. Col. 0-S91SS5, M.C. (3, 1942) 

Green, David E., Ph.D. Department of Medicine, 
College of Physicians and Surgeons, Columbia 
University, New York C?ty. Associate in Bio- 
chemistry. (2, 1941) 
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Green, Harold David, M.D. Bowman Gray Scliool 
of Medicine, Wake Forest College, Winston- 
Salem 7, N. C. Professor of Physiology and 
Pharmacology. (1, 1936; 3, 1945) 

Green, Robert, M.A., M.D. 223 Millard Hall, 
University of Minnesota, Minneapolis. Profes- 
sor of Bacteriology and Immunology. (6, 1930) 
Greenberg, David Morris, Ph.D. University of 
California, Berkeley. Professor of Biochemistry. 
(2. 1927) 

Greene, Carl Hartley, Ph.D., M.D. 401 Clinton 
,f Ave., Brookl 3 m, N. Y. Associate Professor of 
Clinical Medicine, New York Post-Graduate 
Medical School of Columbia University; Clinical 
Professor of Medicine, Long Island College of 
Medicine. (1, 1921; 2, 1922; 4, 1924) 

Greene, Charles Wilson, A.M., Ph.D. 814 Vir- 
ginia Ave., Columbia, Mo. Lecturer in Physi- 
ology, Stanford University; Professor Emeritus 
of Physiology and Pharmacology, University of 
Missouri. (1, 1900; 2, 1919; 3, 1909) 

Greene, Harry S. N., M.D., C.M. Department of 
Pathology, Yale Universit}'- School of Medicine, 
New Haven, Conn. Professor of Pathology. (4, 
1937) 

Greene, James Alexander, M.D. Baylor Univer- 
sit}', College of Medicine, Buffalo Drive., Hous- 
ton, Texas. Professor and Chairman of the Dc- 
partment of Internal Medicine and Dean of the 
Clinical Facxdty. (1, 1939) 

Greene, Ronald R., M.S., M.D. Northwestern 
University Medical School, 303 E. Chicago Ave., 
Chicago, 111. Instructor in Physiology; Instruc- 
tor in Obstetrics and Gynecology. (1, 1941) 
Greengard, Harrj’, Ph.D., M.D. Northwestern 
University Medical School, 303 E. Chicago Ave., 
Chicago, 111. Assistant Professor of Physiology. 
(1, 1939) 

Greenstein, Jesse P., Ph.D. National Cancer In- 
stitute, Bethesda, Md. Senior Biochemist. (2, 
1935) 

Greenwald, Isidor, Ph.D. 477 First Ave., New 
York City. Associate Professor of Chemistry, 
New York University College of Medicine. 
(2, 1912; 5, 1933) 

Creep, Roy O., Ph.D. Squibb Inst, for Medical 
Research, New Brunswick, N. J. Research 
Associate in Pharmacology. ( 1 , 1940) 

Greer, C. M., M.S. Vanderbilt University School 
of Medicine, Nashville, Tenn. Research Asso- 
ciate in Pharmacology. (3, 1938) 

Gregersen, Magnus I., A.M., Ph.D. College of 
Physicians and Surgeons, Columbia University, 
630 W. 168th St., New York City. Professor of 
Physiology. (1, 1933) 

Gregg, Donald Eaton, M.S., Ph.D. University of 
Rochester Medical School, 260 Crittenden Blvd., 
Rochester 7, N. Y. *(1, 1933) 


Gregory, Raymond L., Ph.D., M.D.* University 
of Texas School of Medicine, 1419— 24th St., 
Galveston. Professor of Medicine. (1, 1945) 
Greisheimer, Esther M., Ph.D., M.D. Temple 
University Medical School, 3400 N. Broad St., 
Philadelphia, Pa. Professor of Physiology. (1,1925) 
Grenell, Robert G., Ph.D.* Section of Neuro- 
anatomy, Yale University School of Med., Neir | 
'.Haven 11, Conn. Research , Assistant (rank of 
Instructor), Laboratory of Physiology. ■ (1, 1945) 
GrilBn, Angus, Ph.D. Department of Bacteri- j 
ology, George Washington University School j 
of Medicine, 1335 H St., N.W., Washington, r 
D. C. Assistant Professor of Bacteriology, i 
{6, 1940) • ; 

Griffith, Fred R., Jr., M.A., Ph.D. 24 High St., ■ 
Buffalo, N. Y. Professor of Physiology, Uni- ,■ 
versity of Buffalo Medical School. (1, 1923; j. 
5, 1933) ' j 

Griffith, Wendell H., M.S., Ph.D. Sn.C., ;; 

0-426073, APO ^887, c/o P. M., New York City. 
Colonel, Office Chief Surgeon, USFET (Rear). 
Chief of Nxitrition Branch. (2, 1923; o, 1934) j 
Crimson, Keith S., M.D. * Duke University School 
of Medicine, Durham, N. C. Associate Professor j 
of Surgery. (1, 1943) . 

Grindlay, John H., M.D. * Mayo Clinic, Roches- j 
ter, Minn. (1, 1945) _ i 

Groat, Richard A„ Ph.D.* Northwestern Uiii- j 
versity Medical School, 303 E. Chicago Ave., ^ 
Chicago 11, 111. Assistant Professor of Neurol- ^ 
ogy. (1, 1945) i 

Groat, William A., M.D. 713 E. Genesee St., j 
Syracuse, N. Y. Professor of Clinical Pathology, j 

Syracuse University College of Medicine. (9, | 

1917) • _ . , 

Grodins, Fred S., M.D.* School of Aviation j 
Medicine, Randolph Field, Texas. Captain, 
M.C. (1, 1945) 

Grollman, Arthur, M.D., Ph.D. Southwestern . 
Medical College, 2211 Oak Lawn Ave., Dallas, ! 
Te.xas. Professor of Experimental Medicine ana 
Lecturer in Physiology and Pharmacology. (L ; 
1928; 3, 1933) ' 

Gross, Erwin G., Ph.D., M.D. Medical Labora- 
tories, State University of Iowa, Iowa City. 
Professor of Pharmacology. (1, 1927 ; 2, 1923, 

3, 1927) ' 

Gross, Robert E., M.D. Harvard Medical School, 

300 Longwood Ave., Boston, Mass. Assistant 
Professor of Surgery. (4, 1940) 

Gruber, Charles M., A.M., M.D., Ph.D. Jeffer- 
son Medical College, 1025 Walnut St., Phi e e 
phia, Pa. Professor of Pharmacology, (f > ’ 

3, 1919) 

Gruhzit, Oswald M., M.D. Research Laboratories, 
Parke, Davis & Co., Detroit, Mich. Research m 
Pathology and Pharmacology. (4, 1928) 
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Grundfcst, Harry, A.M., Ph.D. Columbia Univ. 

P. and S., 630 West ICSth St., New York 32, 
N. Y. Associate in Ncurologi/. (1, 1932) 
Gudcrnalsch, F., Ph.D. • Graduate School, New 
York University, Washington Square E., New 
York City. Visiting Professor. (1, 1930) 
Gaerranf, N. B., M.S., Ph.D. Pennsylvania 
State College, State College. Professor of 
Biological Chemistry. (2, 1934; 5, 1933) 

Guest, George Martin, M.S., M.D. The Chil- 
dren's Hospital, Research Foundation, Elland 
.and Bethesda Aves., Cincinnati, 0. Fellow of 
the Children’s Hospital Research Foundation; 
-Associate Professor of Pediatrics, University of 
Cincinnati, College of Medicine and Graduate 
School. (2, 1933) 

Gniick, Addison, A.M., Ph.D. SOS Westmount 
.Ave., Columbia, Mo. Professor of Physiological 
Chemistry, University of Missottri. (1, 1915; 
5, 1933) 

Gunn, Francis D., M.D. University' of Utah, 
School of Medicine, Salt Lake City. Professor of 
Pathology. (4, 1938) 

Gurin, S., M.S., Ph.D. University of Pennsyl- 
vania School of Medicine, Philadelphia. Assist- 
ant Professor in Physiological Chemistry. (2, 
1938) 

Gusfavson, Reuben G., Ph.D. University of 
Chicago, Chicago 37, 111. Dean of Faculties. (2, 
1927) 

Gusfus, Edwin L„ M.Sc., Ph.D. Benning Hall, 3445 
3Sth St., N.W., Washington 16, D. C. Research 
and Development Branch, Military Planning 
Division, OQMG, War Department, Director of 
Besearch. (2, 1934) 

Guthrie, Charles Claude, M.D., Ph.D., Sc.D. 
University of Pittsburgh Medical School, Pitts- 
burgh, Pa. Professor of Physiology and Phar- 
macology. (1, 1905; 3, 1909) 
de Gutierrez-Mahoney, C. G., M.D. St. Vincent’s 
Hospital, New York, N. Y. (1, 1940; 4, 1941) 
Hyorgy, Paul, M.D. 3400 Spruce St., Philadel- 
phia 4, Pa. Associate Research Professor of 
Pediatrics, University of Pennsylvania School of 
Hedicine. (2, 1938; 5, 1939) 

Haag, Harvey B., M.D. Medical College of Vir- 
ginia, Richmond. Professor of Pharmacology. 
(3, 1934) 

Haag, J. R.j Ph.D. Oregon Agricultural Experi- 
ment Station, Corvallis. Chemist. (5, 1941) 
Haberman, Sol, M.A., Ph.D. Baylor University 
Hospital, Dallas, Texas. Assistant Professor 
Clinical Pathology, Scrologist. (6, 1944) 
adidian, Zareh, Ph.D.* Worcester State Hos- 
pital, Worcester, Mass. Physiologist, hPemorial 
Foundation for Heuro-endocrinc Research. (1, 
1915) 

Hadley, Philip Rardwell, Ph.D. Institute of 
athology. Western Pennsylvania Hospital, 


Pittsburgh. Chief of Bacteriological Service 
and Research Bacteriologist. (4, 1927) 
Hafkesbring, H, Roberta, Ph.D. Woman’s Medi- 
cal College of Pennsylvania, East Falls, Phila- 
delphia. Professor of Physiology. (I, 1931) 
Haggard, Howard W., M.D. 4 Hillhousc Avc., 
New Haven, Conn. Director of the Laboratory 
of Applied Physiology, Yale University. (1, 
1919; 2, 1920) 

Hahn, Paul F., Ph.D. Vanderbilt University 
School of Medicine, Nashville, Tenn. Associate 
Professor of Biochemistry. (4, 1939) 

Haig, Charles, M.A., Ph.D. New York Medical 
College, Flower and Fifth Avenue Hospital, 
Fifth Ave. at 105th St., Now York City. Assist- 
ant Professor of Physiology. (1, 1942) 

Haisf, Reginald E., M.A., M.D., Ph.D.* Univer- 
sity of Toronto, Toronto, Ontario, Canada. As- 
sociate Professor of Physiology. (1, 1943) 

Haldi, John, A.M., Ph.D. Emory University, 
Atlanta, Ga. (1, 1928) 

Hale, Worth, M.D. Harvard Medical School, 
Boston, Mass. Associate Professor of Phar- 
macology. (1, 1908; 3, 1908) 

Hale, Wm. M., M.D. The State University of 
Iowa College of Medicine, Iowa City, Professor 
of Bacteriology. (4, 1941; 6, 1935) 

Hall, F. G., M.A., Ph.D. Lt. Col., Aero-Medical 
Laboratory, Wright Field, Dayton, 0. (1, 1937) 
Hall, George Edward, M.D., Ph.D. University of 
Western Ontario, Ottaway Ave. and Waterloo 
St., I.iondon, Canada. Dean of the Faculty of 
Medicine. (1, 1938) 

Hall, Victor B., M.A., M.D. Department of 
Physiology, Stanford University, Calif. Profes- 
sor Of Physiology. (1, 1934) 

Halliday, Nellie, Ph.D. Research Laboratory, 
Mt. Zion Hospital, San Francisco, Calif. (5, 
1933) 

Halpert, Bela, M.D. University of Oklahoma 
School of Medicine, Oklahoma City. Director of 
Laboratories and Professor of Clinical Path- 
ology. (4, 1936) 

Halsey, John T., M.D. P. O. Box 264, Waveland, 
Miss. Professor Emeritus of Pharmacology, 
Tulanc University of Louisiana. (3, 1929) 
Halstead, Ward C., M.A., Ph.D. Dept, of Medi- 
cine, University of Chicago, Chicago, 111. Asso- 
ciate Professor Experimental Psychology, Divi- 
sion of Psychiatry. (1, 1942) 

Ham, Arthur W., M.B. University of Toronto, 
Toronto 5, Canada. Professor of Anatomy, in 
charge of Histology. (4, 1939) 

Hambourger, Walter E., Ph.D., M.D. G. D. 
Searle&Co., P. O. Box 5110, Chicago, 111. Chief 
Pharmacologist. (3, 1934) 

Hamilton, Bengt L. K., M.D. U. S. Alarine Hos- 
pital, Staten Island, N. Y. Senior. Surgeon, 
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Hegnauer, Albert H., Ph.D. Syracuse 'Univer- 
sity, Syracuse, N. Y. Assistant Professor of 
Physiology. (1, 1937) 

Hegsted, David Mark, M.S., Ph.D. Schools of 
Medicine & Public Health, Harvard Univer- 
sity, 25 Shattuck St., Boston, Mass. Associate 
in Nutrition. (5, 1944) 

Heidelberger, Michael, Ph.D., M.A. 620 W. 
I68th St., New York City. Professor of Biologi- 
cal Chemistry, Columbia University; Chemist to 
the Medical Service, Presbyterian Hospital. 
(2, 1927; 6, 1935) 

Heilbrunn, Lewis Victor, Ph.D. University of 
Pennsylvania, Philadelphia. Professor of Zo- 
ology. (1, 1930) 

Heim, J. 'William, Ph.D. Aero-Medical Laboratory, 
Army Air Forces, Wright Field, Dayton, 0. 
Principal Research Physiologist; Assistant in 
Physiology, Harvard School of Public Health 
(1, 1936) 

Heinbecker, Peter, M.D. Washington Univer- 
sity Medical School, St. Louis, Mo. Associate 
Professor of Surgery. (1, 1930) 

Helff, O. M., M.S., Ph.D. New York University, 
University Heights, New York City. Associate 
Professor of Biology. (1, 1932) 

Hellbaum, Arthur A., M.A., Ph.D., M.D. Uni- 
versity of Oklahoma School of Medicine, Okla- 
homa City. Professor of Pharmacology. (1, 
1937; 3, 1945) 

Hellebrandt, Frances Anna, M.D. Medical Col- 
lege of Virginia, Richmond. Professor of Physical 
Medicine. (1, 1933) 

Heller, Carl G., M.D., Ph.D.* University of 
Oregon Medical School, Portland 1. Associate 
Professor of Physiology and Medicine. (1, 1945) 

Heller, Victor G., Ph.D. Oklahoma A. & M. 
College, Stillw'ater. Head of the Dcparhnenl of 
Agrictdtural Chemistry Research. (2, 1935; 5, 
1935) 

Hellerman, Leslie, Ph.D. Johns Hopkins Uni- 
versity School of Medicine, 710 N. Washington 
St., Baltimore, Md. Assistant Professor Physi- 
ological Chemistry. (2, 1935) 

Helmer, Oscar Marvin, M.S., Ph.D. Lilly Labo- 
ratory for Clinical Research, The Indianapolis 
City Hospital, Indianapolis, Ind. Head of 
Department of Physiological Chemistry; Research 
Associate in the Department of Medicine, Indiana 
University School of Medicine. (2, 1935) 

Hemingway, Allan, Ph.D. 210 Millard Hall, 
University of Minnesota, Minneapolis. Assist- 
ant Professor of Physiological Chemistry; Tem- 
porarily at School of Aviation Medicine, 
Randolph Field, Texas. (1, 1933) 

Hendrix, Byron M., Ph.D. School of Medicine, 
University of Texas, Galveston. Professor of 
Biochemistry . (2, 1920) 


Hendrix, James Paisley, M.A., M.D. Duke 
Hospital, Durham, N. C. Associate in Medicine 
{in charge of Therapeutics); Associate in Physi- 
ology and Pharmacology, Duke University School 
of Medicine. (3, 1942) 

Hendry, Jessie L., M.A. Division of Laboratories 
and Research, New York State Department of 
Health, New Scotland Ave., Albany. Senior 
Baeleriologisi. (6, 1938) 

Henlc, Werner, M.D. University of Pennsyl- 
vania, Philadelphia. Assistant Professor of 
Bacteriology in Pediatrics. (G, 1938) 
Henschel, Austin P., Ph.D.* University of Minne- 
sota, Minneapolis. Physiologist, U. S. War Dept. 
(QMC), and Instructor in Physiology, University 
of Minnesota. (1, 1944) 

Hepburn, Joseph Samuel, A.M., M.S., Ph.D., 
M.D. 235 N. 15th St., Philadelphia 2, Pa. Pro- 
fessor of Chemistry and Research Associate in 
Gastro-Enterology , Hahnemann Medical College 
and Hospital. (2, 1915) 

Hepler, Opal B., Ph.D., M.D. Northwestern Uni- 
versity Medical School, 303 E. Chicago Ave,, 
Chicago, HI. Assistant Professor of Pathology. 
(4, 1939) 

Herbst, R. M., Ph.D. 39 Knollwood Road, Short 
Hills, N. J. Director of Research, E. Bilhuher, 
Inc., Orange, N. J. (2, 1938) 

Herrick, C. Judson, Ph.D. 236 Morningside 
Drive, Grand Rapids, Mich. Professor Emeri- 
ius of Neurology, University of Chicago; Member 
of the National Academy of Sciences. (L 190“^) 
Herrick, Julia F., M.A., Ph.D. 175 Chelsea Ave., 
Long Branch, N. J. Mayo Foundation, Rochester, 
Minn. (1, 1933) 

Herrin, Raymond C., Ph.D., M.D. University of 
Wisconsin Medical School, Madison. Associate 
Professor of Physiology. (1, 1932) 

Herrington, Lovic P., M.A., Ph.D. 290 Congress 
Ave., New Haven, Conn. Associate Director, 
John B. Pierce Laboratory of Hygiene; Research 
Associate Professor, Dept, of Public Health, 
YaU Medical School. (1, 1942) 

Herriott, Roger M., Ph.D. Rockefeller Institute 
for Medical Research, Princeton, N. J- Asso- 
ciate. (2, 1940) 

Herrman, George, Ph.D., M.D. University of 
Texas, Medical Branch, Galveston. Professor of 
Medicine. (4, 1925) 

Herrmann, Julian B., M.D. Yale School o 
Medicine, New Haven, Conn. Research Assist- 
ant in Pharmacology. (3, 1941) 

Herrmann, Louis George, M.D. Cincinnati Gen- 
eral Hospital, Cincinnati 29, 0. Assoeff*® 
Professor of Surgery, University of Cminnali 
College of Medicine; Assistant Director of Surgt 
cal Services, Cincinnati General Ilospdal am 
Children’s Hospital. (4, 1933) 
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Hershcy, A. D,, Pli.D. Washington University 
School of Medicine, St. Louis, Mo. Assistant 
Professor of Baclcrtoloffij and Immunology. 
(6, 1912) 

Herlig, Arthur T., M.D. Harvard University Medi- 
cal School, 221 Longwood Ave., Boston, Mass, 
Assistant Professor of Pathology and Assistant 
Professor of Obstetrics. (4, 1941) 

Hertz, Roy, Ph.D., M.D. * National Institute of 
He.altli, Bethesda 14, Md. P. II. Surgeon (R), 
Division of Physiology. (1, 194S) 

Hertz, Saul, IM.D. Massachusetts General Hos- 
pital, Fruit St., Boston. Research Associate, 
Harvard Medical School and Massachusetts 
Institute of. Technology. (4, 1935) 

Hertzman, Alrick B., Ph.D. St. Louis University 
School of Medicine, St. Louis, Mo. Professor 
of Physiology and Director of the Department. 
(1, 1925) 

Berwick, Robert P., Ph.D., M.D., LL.B. U. S. 
Food and Drug Administration, Washington, D. 
C. Chief, Drug Division, Associate Prof. Pharma- 
cology, Georgetown Medical School, Adjunct 
Clinical Professor Medicine (Therapeutics) 
George Washington Medical School. (3, 1938) 

Hess, Charles L., M.S., M.D. 308 Davidson 
Bldg., Bay City, Mich. (1, 1916) 

Hess, Walter C., Ph.D. Chemo-Medical Research 
Institute, Georgetown University, Washington, 
B. C. Associate Research Professor. (2, 1935) 
Hetheringfon, Albert W„ M.S., Ph.D.* North- 
western University Medical School, 303 E. Chi- 
cago Ave., Chicago, Rl. Instructor in Neurology. 
(1. 1943) 

Hewitt, Earl Albon, M.S., Ph.D. Iowa State 
College, Ames. Associate Professor of Veter- 
inary Physiology. (1, 1932) 

Hewitt, Julia A. W., B.A. Nassau Hospital, 
Mineola, N. Y. Senior Technician, in charge. 
(G, 1921) 

Heyroth, Francis F., M.D., Ph.D. Kettering 
Laboratory, College of Medicine, University of 
Cincinnati, Cincinnati, 0. Assistant Professor 
of Applied Physiology. (2, 1935) 

Hiatt, Edwin P., M.A., Ph.D. North Carolina Uni- 
versity School of Medicine, Chapel Hill. As- 
sociate Professor of Physiology. (1, 1942) 
Hickman, Kenneth C. D., Ph.D. Distillation 
Products, Inc., 755 Ridge Road W., Rochester, 
Y. Vice-President and Director of Research. 
(2, 1944) 

Higgins, Harold Leonard, M.D. 322 Franklin, 
Ficwton, Mass. Assistant Professor of Pediatrics, 
Harvard University. (1, 1914,- 5. 1933) 

Edgar S., M.S., Ph.D. Washington Uni- 
versity, College of Dentistry, St. Louis, Mo. 
• csociatc Professor of Biological Chemistry and 
Physiology. (2, 1936 ) 


Hill, Robert M., M.S., Ph.D. 4200 E. Oth Ave., 
Denver, Colo. Associate Professor of Biochem- 
istry, University of Colorado Medical School, 
(2, 1933) 

Hilt, Samuel E., M.A., Ph.D. 18 Collins Ave., 
Troy, N. Y. Research Worker, The Behr-Man- 
ning Corp. (1, 1934) 

Hiller, Alma, Ph.D. Rockefeller Institute for 
Mediciil Research, 66th St. and York Ave., 
New York City. Associate. (2, 1929) 
Himmelsbach, C. K., M.D. U. S. Public Health 
Service, 1061 Dierks Building, Kansas City 6, 
Mo. Surgeon, U. S. P. H. S. (3, 1938) 
HImwich, Harold E., M.D. Albany Medical 
College, Albany, N. Y. Professor of Physiology 
and Pharmacology. (1, 1925 ; 5, 1933) 

Hines, Harry M., M.S., Ph.D. The State Uni- 
versity of Iowa, Iowa City. Professor of Physi- 
ology. (I, 1928) 

Hines, Marion, Ph.D. Johns Hopkins Medical 
School, Baltimore, Md. Associate Professor of 
Anatomy. (1, 1932) 

Hinrichs, Marie, Ph.D., M.D. Southern Illinois 
Normal University, Carbondale. Professor of 
Physiology; Director of Student Health Service. 
(1, 1928) 

Hinsey, Joseph C., M.S., Ph.D. Cornell Univer- 
sity Medical College, 1300 York Ave., New York 
City. Professor of Anatomy and Dean of the 
Medical College. (1, 1929) 

HIsaw, Frederick L., A.M., Ph.D. The Biological 
Laboratories, Harvard University, Cambridge 
Mass. Professor of Zoology. (1, 1932) 
Hitchcock, David 1,, Ph.D, 333 Cedar St., New 
Haven, Conn. Associate Professor of Physiol- 
ogy, Yale University. (2, 1930) 

Hitchcock, Fred A., M.Sc., Ph.D. Ohio State 
University^ Columbus. Professor of Physiology. 
(I, 1927; 5, 1933) 

Hitchings, George H., M.S., Ph.D. 50 Primrose 
Ave., Tuckahoe 7, N. Y. Biochemist, Wellcome 
Research Laboratories. (2, 1942) 

Hjort, Axel M., M.D. , Ph.D. P. O. Bo.x281, 14Fem 
Way, Searsdale, N. Y. Adjunct Physician, Grass- 
lands Hospital, Valhalla, N. Y. (2, 1925) 
Hoagland, Charles L., M.D. Rockefeller Insti- 
tute, 66th St. and York Ave., New York City. 
Associate Member. (5, 1945) 

Hoagland, Hudson, M.S., Ph.D. Worcester State 
Hospital, Worcester, Mass. (1, 1932) 

Hober, Rudolf. University’ of Pennsylvania Medi- 
cal School, Philadelphia, Visiting Professor of 
Physiology. (1, 1936) 

Hodes, Robert, Ph.D. Johnson Foundation, Uni- 
versity of Pennsylvania, Philadelphia. Associate 
in Biophysics. (1, 1941) 

Hodge, Harold C., Ph.D . University of Rochester 
School of Medicine and Dentistry, Rochester, 
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N. Y. Associate Professor of Biochemistry 
and Pharmacology. (2, 1937) 

Hoefer, Paul F. A., Ph.D., M.D.* Neurological 
Institute of New York, 710 W. 168th St., New 
Y'ork 32, N. Y. Associate Professor of Neu- 
rology (1, 1945) 

Hoff, Ebbe Curtis, M.A., Ph.D. Department of 
Physiology, Yale University School of Medicine, 
333 Cedar St., New Haven, Conn. (1, 1933) 
Hoff, Hebbel E., M.A., Ph.D. McGill University, 
Montreal, Quebec, Canada. Professor of Phys- 
iology. (1, 1933) 

Hoffman, Olive, M.S., Ph.D. Presbyterian Hos- 
pital, 51 N. 39th St., Philadelphia, Pa. (1, 1935) 
Hoffman, William Samuel, Ph.D., M.D. 629 S. 
Wood St., Chicago, III. Acting Director of Labora- 
tories and Acting Director of the Hektoen Insti- 
tute for Medical Research, Cook County Hospital. 
(2, 1935) 

Hogan, Albert G., A.M., Ph.D. 105 Schweitzer 
Hall, Columbia, Mo. Professor of Animal 
Nutrition, University of Missouri. (2-, 1916; 
5, 1933) 

Hogness, ThorfinR., Ch.E., Ph.D. Department of 
Chemistry, University of Chicago, Chicago, HI. 
Professor of Chemistry. (2, 1941) 

Hoick, Harald G. O., Ph.D. College of Pharmacy, 
University of Nebraska, Lincoln. Associate Pro- 
fessor of Pharmacology. (1, 1935; 3, 1938) 
Hollander, Franklin, Ph.D. Mount Sinai Hos- 
pital, Fifth Ave. and 100th St., New York City. 
Associate in Physiology; Head, Gastro-Enter- 
ology Research Laboratory. (1, 1942; 2, 1932) 
Holman, Russell Lowell, M.D. University of 
North Carolina School of Medicine, Chapel 
Hill. Professor of Pathology. (4, 1940) 

Holmes, Arthur Dunham, Ph.D. Massachusetts 
State College, Amherst. Research Professor of 
Chemistry. (2, 1931 ; 5, 1933) 

Holmes, Julia O., M.S., Ph.D. Massachusetts 
State College, Amherst. Research Professor of 
Nutrition. (2, 1942; 5, 1936) 

Holt, Joseph Paynter, M.S., M.D., Ph.D. Stand- 
ard Oil Co., Room 2400, 30 Rockefeller Plaza, 
New York 20, N. \ . Director of Medical Research. 
(1, 1942) 

Holt, L. Emmett, Jr., M.D. 477 First Ave., New 
Aork 16, N. \. Professor of Pediatrics, New 
York University College of Medicine. (2, 1930) 
Hoobler, Icie Macy, Ph.D., D.Sc. 660 Frederick 
, St., Detroit, Mich. Director of Research, Chil- 
dren’s Fund of Michigan; Associate in Nutrition, 
Medical Staff of the Children’s Hospital of 
Michigan. (2, 1925 ; 5, 1933) 

Hooker, Davenport, M.A., Ph.D. University of 
Pittsburgh School of Medicine, Pittsburgh Pa. 
Professor of Anatomy. (1, 1920) 


Hooker, Donald R,, M.S., M.D, 19 W. Chase St., 
Baltimore, Md. Lecturer in Physiological Hy- 
giene, School of Hygiene and Public Health, 
Johns Hopkins University; Managing Editor of 
American Journal of Physiology, Physiological 
Reviews and Federation Proceedings. (1, 1906; 
3, 1911) 

Hooker, Sanford B., A.M., M.D. 80 E. Concord 
St., Boston, Mass. Member, Evans Memorial. 
(6, 1918) 

Hoppert, C. A., Ph.D. Michigan State College, 
Box 626, East Lansing. Professor of Biological 
Chemistry. (5, 1935) 

Horsfall, Frank L., Jr., M.D., C.M. Rockefeller 
Institute, 66th St. and T'ork Ave., New York 
City. Member. (6, 1937) 

Horvath, Steven M., M.A., Ph.D.* Armored 
Forces Medical Research Laboratory, Ft. Knox, 
Ky. Major, San. Corps. (1, 1943) • 

Horwitt, M. K., Ph.D. Biochemical Research 
Laboratory, Elgin State Hospital, Elgin, 111. 
Director, Biochemical Research Laboratory; 
Assistant Professor, Physiological Chemistry, 
University of Illinois School of Medicine. (2, 
1941) 

Hoskins, R. G., Ph.D., M.D. Harvard Medical 
School, Boston, Mass. Research Associate in 
Physiology, Harvard University; Director of 
Research, Memorial Foundation for Neuro- 
endocrine Research. (1, 1911) 

Hotchkiss, Rollin D., Ph.D. The Rockefeller 
Institute for Medical Research, 66th St. and 
York Ave., New Y'ork City. Lieut. Commander, 
Hospital Corps, US NR. (2, 1941) 

Howard, Evelyn, A.M., Ph.D. Johns Hopkins 
School of Medicine, Baltimore, Md. Instructor 
in Physiology. (1, 1933) 

Howard, Marion E., M.D. New Haven Hospital, 
New Haven, Conn. Assistant Professor of 
Medicine, Yale School of Medicine; Associate 
Physician, New Haven Hospital and New Haven 
Dispensary. (4, 1939; 6, 1937) 

Howe, Paul E., A.M., Ph.D. 2823 29th St. N.W., 
Washington, D. C. Colonel, Sanitary Corps; 
Chief, Nutrition Branch, Office of the Surgeon 
General, U.S. Army. On leave as Chief , Animal 
Nutrition Division, and Assistant Chief, Bureau 
of Animal Industry, U. S. Department of Agri- 
culture. (1, 1913; 2, 1909; 5, 1933) 

Howe, Percy R., M.D., D.D.S. Harvard Medical 
School, Boston, Mass. Director Forsyth Denla 
Infirmary; Professor Dental Sciences; Instructor 
in Pathology. (5, 1935) 

Howell, Katherine M., M.D. Michael I^ese 
Hospital, 2900 Ellis Ave., Chicago, BL 
of Departments of Bacteriology and Serology. 
(6, 1940) 

Howell, Stacey F., Ph.D. V. D. Research labora- 
tory, U. S. Marine Hospital, Stapleton, Staten 
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Island, N. Y. Chemist, U. S. Public Health Serv- 
ice. (2, 1910) 

Hubbard, Roger Sanford, A.M., Ph.D. 37 Berkly 
Place, BufTnlo 0, X. Y. Biochemist, Buffalo 
General Hospital; Professor of Physiology, 
Buffalo University ^[ceiical School. (1, 1922; 
2, 1920). 

Hnbbell, Rebecca B., M.S., Ph.D. Connecticut 
Agricultural Experiment Station, New Haven. 
Assistant Biochemist. (2, 1937; 5, 1935) 

Hudack, Stephen Sylvester, M.D. ISO Fort 
Washington Ave., New York, N. Y. .Issociatc 
Professor of Orthopedic Surgery, Columbia Univ. 
(4, 1933) 

Huddleston, Ora Leonard, M.D., Ph.D. Fitzsim- 
mons General Hospital, Denver, Colo. Major, 
MC; Instructor in Physiology, University of 
Colorado School of Medicine. (1, 1936) 

Hueper, W'ilhelm C., M.D. Warner Institute for 
Therapeutic Research, 113 W. ISth St., New 
York City. Assistant Director and Principal 
Pathologist. (4, 1940) 

Huffman, C. F., M.S., Ph.D. Michigan State 
College, East Lansing. Research Professor and 
Associate Professor in Dairy Husbandry. (5, 
1937) 

Huggins, Charles Brenton, M.D. University of 
Chicago, Chicago, 111. Professor of Surgery. 
(1, 1932) 

Hughes, Joseph, M.D. Ill N. 49th St,, Phila- 
delphia, Pa. Assistant Professor of Experimen- 
tal Neurology, Graduate School of Medicine, 
University oj Pennsylvania; Director of Labora- 
tory, Pennsylvania Hospital for Mental Diseases. 
(1, 1936) 

Hughes, Josiah Simpson, M.A., M.S., Ph.D. 
Kansas State College, Manhattan. Professor of 
Chemistry. (2, 1931 ; 5, 1939) 

Hughes, Thomas P., A.M., Ph.D. Rockefeller 
Foundation, 49 W. 49th St., New York City. 
Hember of Staff, International Health Division. 
(S, 1934) 

Hulpieu, Harold R., M.A., Ph.D. Indiana Uni- 
versity School of Medicine, Indianapolis. Asso- 
ciate Professor of Pharmacology. (3, 1939) 
Hunscheri Helen A., Ph.D. Western Reserve 
University, 2023 Adelbert Rd., Cleveland, 0. 
Bead of Department of Home Economics. (5, 
1934) 

Hunt, Reid, M.D., Ph.D., Sc.D. Harvard Medical 
School, Boston, Alass. Professor Emeritus of 
Pharmacology, Harvard University; Member, 
halional Academy of Sciences. (1, 1895; 2, 
1906; 3, 1908) 

Hunter, Andrew, M.A., M.B., F.R.S.C. Univer- 
mty of Toronto, Toronto, Canada. Professor of 
Pathological Chemistry. (2, 190S) 


Hunter, George, M.A., D.Sc., F.R.S.C. Univer- 
sity of Alberta, Edmonton, Canada. Professor 
of Biochemistry. (2, 1924) 

Hunter, Jesse E., M.S., Ph.D. Allied Mills, 
Inc., 7500 S. Adams St., Peoria, HI. Director 
Biological Research. (5, 1930) 

Hussey, Raymond, M.D. Homewood Apart- 
ments, Baltimore, Md. (4, 1927) 

Ingalls, Mabel S., Ph.D. 1218 Bank St., N. W., 
Washington 7, D. C. (6, 1940) 

Ingle, Dwight J., M.S., Ph.D. The Upjohn Co., 
Research Department, Kalamazoo, Mich. Up- 
john Research Fellow. (1, 1939) 

Ingraham, Raymond Clifford, Ph.D. College of 
Medicine, University of Illinois, 1853 W. Polk 
St., Chicago. Assistant Professor in Physiology. 
(I, 1938) 

Ingram, W. R., Ph.D. College of Medicine, The 
State University of Iowa, Iowa City. Professor 
and Head of the Department of Anatomy. (1, 
1936) 

Irvin, J. Logan, Ph.D. Johns Hopkins University 
School of Medicine, 710 N. Washington St., 
Baltimore, Md. Assistant Professor of Physi- 
ological Chemistry. (2, 1942) 

Irving, Laurence, A.M., Ph.D. Swarthmore Col- 
lege, Swarthmore, Pa. Lt.Col., A.C. Professor 
of Experimental Biology. (I, 1927) 

Irwin, M. R., Ph.D. Department of Genetics, 
University of Wisconsin, Madison. Professor of 
Genetics. (6, 1936) 

Isaacs, Raphael, M.D. 104 S. Michigan Ave., 
Suite 630, Chicago 3, HI. Director, Department of 
Hematology, Michael Reese Hospital. (4, 1928) 
Isenberger, R. M., M.A., M.D. University of 
Kansas School of Medicine, ICansas City. Pro- 
fessor of Pharmacology. (3, 1937) 

Ivy, Andrew C., Ph.D., M.D. ,303 E. Chicago 
Ave., Chicago, 111. Nathan Smith Davis Pro- 
fessor of Physiology and Professor of Pharma- 
cology, Northwestern University Medical School. 
(1, 1919; 5, 1933) 

Izquierdo, J. Joaquin, M.D. National School of 
Medicine, Mexico City. Professor of Physiology 
in the National School of Medicine and the Es- 
cuela Medico Militar of Mexico. (1, 1928) 
Jackson, Dennis Emerson, A.M., Ph.D., M.D. 
University of Cincinnati Medical School, Eden 
and Bethesda Aves., Cincinnati, O. Professor 
of Pharmacology. (1, 1910; 3, 1912) 

Jackson, Eugene L., Ph.D. Emory University, 
Ga. Associate Professor of Pharmacology, Chair- 
man, Department of Pharmacology. (3, 1942) 
Jackson, Richard W., Ph.D. Eastern Regional 
Research Laboratory, U. S. Department of 
Agriculture, Wyndmoor, Pa. Chief of Protein 
Division. (2, 1930; 5, 1933) 
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Jacobs, Merkel Henry, Ph.D. University of 
Pennsylvania, Philadelphia. Professor of Gen- 
eral Physiology ; Member of the Nalional Academy 
of Sciences. (1, 1919) 

Jacobs, Walter A., A.M., Ph.D. Rockefeller 
Institute, 66th St. and York Ave., New York 
City. Member; Member, National Academy of 
Sciences. (2, 1908; 3, 1913) 

Jacobson, Edmund, Ph.D., M.D. Laboratory for 
Clinical Physiology, 55 E. Washington St., 
Chicago, 111. (1, 1929) 

Jaffe, Henry L., M.D. Hospital for Joint Dis- 
eases, 1919 Madison Ave., New York City. 
Director of Laboratories. (4, 1925) 

Jahn, Theodore Louis, Ph.D.* State University of 
Iowa, Iowa City. Associate Professor of Zoology. 
(1, 1944) 

Jamieson, Walter A., Sc.D.(hon.). Eli Lilly & 
Company, Indianapolis, Ind. Director, Bio- 
logical Division. (G, 1927) 

Jaques, L. B., M.A., Ph.D.* University of To- 
ronto, Toronto 5, Canada. Assistant Professor, 
Dept, of Physiology. (1, 1943) 

Jasper, Herbert H., M.A., Ph.D., D. 6s Sci. 
Montreal Neurological Institute, 3801 University 
St., Montreal, Que., Canada. Lecturer in Neu- 
roelectrography and Director of Department of 
Electrophysiology . (1, 1940) 

Jeans, P. C., M.D. State University of Iowa, 
Iowa City. Professor of Pediatrics. (5, 1937) 
Jensen, H., Ph.D. Des Bergers -Bismol Labs., 338 
St. Paul St., W. Montreal, Que., Canada. Direc- 
tor of Research; Fellow, McGill Univ. Medical 
School. (2, 1929) 

Jobling, James W., M.D. Columbia University, 
630 W. 168th St., New York City. Professor of 
Pathology. (4, 1913) 

Jochim, Kenneth E., Ph.D. St. Louis University 
School of Medicine, 1402 South Grand Blvd., 
St. Louis 4, Mo. Department of Physiology. 
(1, 1942) 

Johlin, J. M., Ph.D., D.Sc. Vanderbilt Univer- 
sity School of Medicine, Nashville, Tenn. 
Associate Professor of Biochemistry. (2, 1928) 
Johnson, Frank H., A.M., Ph.D. Princeton 
University, Princeton, N. J. Assistant Pro- 
fessor, Dept, of Biology. (1, 1942) 

Johnson, Joseph L., Ph.D., M.D. School of 
Medicine, Howard University, Washington, 
D. C. Professor and Head of the Department of 
Physiology. (1, 1934) 

Johnson, J. Raymond, Ph.D. Long Island College 
of Medicine, 350 Henry St., Brooklyn, N. Y. 
Associate Professor of Physiology and Phar- 
macology. (1, 1938) 

Johnson, Marvin J., M.S.. Ph.D. University of 
Wisconsin, Madison. Associate Professor of 
Biochemistry. (2, 1941) 


Johnson, Robert E., M.D., D. Phil.* Harvard Fa- 
tigue Laboratory, Morgan Hall, Soldiers Field, 
Boston, Mass. Assistant Professor, Industrial 
Physiology. (1, 1944; 2, 1939) 

Johnson, Treat B., Ph.D. Amity Road, Bethany, 
Westville P. 0., Conn. Sterling Professor of 
Chemistry, Yale University; Member, National 
Academy of Sciences. (2, 1910) 

Johnson, Victor, Ph.D., M.D. 5807 Dorchester 
Ave., Chicago, 111. Associate Professor oj 
Physiology; Dean of Students in the Division of 
Biology and the School of Medicine, University 
of Chicago. (1, 1933) 

Johnston, Charles G., M.S., M.D. Wayne Uni- 
versity College of Medicine, Detroit, Mich. 
Professor of Surgery. (1, 1933) 

Johnston, Margaret W., Ph.D. Box 276, Ann Ar- 
bor, Mich. Research Associate in Internal Medi- 
cine. (2, 1930; 5, 1938) 

JollifTe, Norman, M.D. 39 E. 75th St., New York, 
N. Y. (1, 1932) 

Jones, D. Breese, Ph.D. Bureau of Human Nutri- 
tion and Home Economics, Agricultural Research 
Administration, U. S. Department of Agricul- 
ture, Washington, D. C. Protein Chemist. (2, 
1920; 5, 1935) 

Jones, James H., M.S., Ph.D. School of Medi- 
cine, University of Pennsylvania, Philadelphia. 
Associate Professor of Physiological Chemistry. 
(2. 1928; 5, 1933) 

Jones, Kenneth K., M.S., Ph.D. Northwestern 
University Medical School, 303 E. Chicago Ave., 
Chicago, 111. Associate Professor of Physiology 
and Pharmacology. (1, 1936) 

Jones, Lloyd R., M.S., Ph.D. 1402 S. Grand 
Blvd., St. Louis, Mo. Associate Professor and 
Chairman of Department of Bacteriology, Si. 
Louis University School of Medicine. (6, 1933) 
Joslin, Elliott P., M.A., M.D. New England 
Deaconess Hospital, 81 Bay State Rd., Boston, 
Mass. Director, George F. Baker Clinic. (5> 
1933) 

Jukes, Thomas Hughes, Ph.D. Lederle Labora- 
tories, Pearl River, N. Y. Associate Director, 
Pharmaceutical Division. (2, 1935 ; 5, 1938) 
Jung, Frederic Theodore, Ph.D., M.D. Norti- 
western University Medical School, Chicago, I 
Assistant Professor of Physiology and Phar- 


macology. (1, 1930) . . 

Jungeblut, Claus W., M.D. College of Physicians 
and Surgeons, 630 W. 168th St., New York City. 
Professor of Bacteriology, Columbia Universi y- 

(4, 1929; 6, 1926) , . 

Rabat, Elvin A., A.M., Ph-D. The Ncurolopcal 
Institute, 710 W. 168th St., New York 32, A. 
Research Associate in Biochemistry, 
Physicians and Surgeons, Columbia 
and The Neurological Institute. (2, > 


1943) 
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Rabat, Herman, Ph.D., M.D. S06 Taylor St., 
N.W., Washington, D. C. Consultant in Neurol- 
ogy, Health Department, District of Columbia. 
(1,1911) - 

Kahn, Reuben L., So.D., LL.D. University of 
Michig.'in Hospital, Ann Arbor. Director of Clini- 
cal Laboratoxfes. ■ (4; 1934; 6, 1919) 

Kalckar, Herman M., M.D., Ph.D. Dep.artment of 
Nutrition and Physiology, Public Health Re- 
search Institute of the City of New York, Foot 
of East 15th St., New York City. Research Asso- 
ciate. (2, 1942) 

Kamm, Oliver, lil.S., Ph.D. Research Labora- 
tory, Parke; Davis & Co., Detroit, Mich. Scien- 
tific Director. (2, 1928) 

Karpovich, Peter V., M.D., M.P.E. School of 
Aviation Medicine, Randolph Field, Te.vas. 
Senior Physiologist, Research Section. (1, 1942) 
Karr, Waller G., Ph.D. Smith, Kline & French 
•Laboratories, Delaware Ave. & Poplar St., 
Philadelphia 23, Pa. Director of the Research 
Laboratories; Assistant Professor of Physiolog- 
ical Chemistry, University of Pennsylvania; Con- 
sulting Biochemist to the Medical Clinic of the 
University Hospital, Bryn Mawr Hospital, 
Abington Memorial Hospital. (2, 1925) 

Karshan, Maxwell, Ph.D. Department of Bio- 
logical Chemistry, Columbia University, 630 W. 
16Sth St., New Y’ork City. Associate Professor 
of Biochemistry. (2, 1939) 

Karsner, Howard T., M.D. Western Reserve 
University, 2085 Adelbert Rd., Cleveland, O. 
Professor of Pathology; Director of the Institute 
of Pathology. (4, 1913 ; 6, 1925) 

Katz, Gerhard, M.D. New Mexico State Hospital, 
Las Vegas. Assistant Superintendent. (3,1937) 
Katz, Louis Nelson, A.M., M.D. 2900 Ellis Ave., 
Chicago, 111. Director of Cardiovascular Re- 
search, Michael Reese Hospital; Professorial 
Lecturer in Physiology, University of Chicago. 
(1, 1924) 

Ifatztnan, Philip A., Ph.D. St. Louis University 
School of Medicine, 1402 S. Grand Blvd., St. 
Louis 4, Mo. Associate Professor of Biochemis- 
t'll- (2, 1935) 

Kaulbersz, Jerzy, Ph.D., M.D.* Wayne Uni- 
versity College of Medicine, 1512 St. Antoine 
St., Detroit, Mich. Research Associate in Surgery 
and Research Physiology. (1, 1944) 
*'a5’.H.D.,Ph.D.,D.Sc., F.R.S. National Insti- 
^te for Research in Dairying, Shinfield, near 
Reading, England. Director, Research Professor 
af Biochemistry, University of Reading. (2, 
1930) 

Keeton, R'obert W., M.S., M.D. University of 
Illinois College of Medicine, 1853 W. Polk St., 
Chicago. Professor of Medicine. (I, 1916; 
2. 1924) 


Kchoc, Robert A., M.D. Kettering Laboratory 
of Applied Physiology, College of Medicine, 
University of Cincinnati, Eden Ave., Cincinnati, 
0. Research Professor of Physiology. (1, 1940) 
Keith, Norman M., M.D. Mayo Clinic, Roches- 
ter, Minn. Consulting Physician, -Division of 
Medicine, Mayo Clinic; Professor of Medicine, 
Mayo Foundation, University of r Minnesota. 
(1, 1920; 3, 1932; 4, 1924) 

Keith, T. B., Ph.D. Pennsylvania State College, 
State College. Assislapt. Professor of Animal 
Husbandry. (5, 1941) 

Keller, Allen D., Ph.D. Baylor Collegeof Medicine, 
Houston, Texas. Professor of Physiology; Chair- 
man of Department of Physiology and Pharma- 
cology. (1, 1931) 

Kelser, Raymond A., Ph.D. 17 Oxford St., Chevy 
Chase, 15, Md. Brig. General, U. S. Army. (4, 
1932) 

Kelsey, F. Ellis, Ph.D. University of Chicago, 
Chicago, 111. Research Associate {Instructor) in 
Pharmacology. (3, 1941) 

Kelsey, Frances Kathleen O., M.S., Ph.D. Uni- 
versity of Chicago, Chicago, Rl. Research Assist- 
ant in Pharmacology. (3, 1941) 

Kempner, Walter, M.D. Duke University School 
of Medicine, Durham, N. C. Assistant Pro- 
fessor of Medicine. (I, 1940) 

Kendall, Edward C., M.S., Ph.D., D.So. 627 
Eighth Ave., S.W., Rochester, Minn. Professor 
of Biochemistry, Mayo Foundation, University 
of Minnesota. (1, 1916 ; 2, 1913 ; 4, prior to 1920) 
Kendall, Forrest E., Ph.D. 240-06— 53rd Ave. 
Dougiaston, Long Island, N. Y. Assistant Pro- 
fessor of Biochemistry, Research Service, Co- 
lumbia Division, Goldwater Memorial Hospital, 
Welfare Island, N. Y. (6, 1943) 

Kennard, Margaret A., M.D. Psychiatric Division, 
Bellevue Hospital, First Ave. & 30th St., New 
York City. (1, 1934) 

Kennedy, Cornelia, M.A., Ph.D. University 
Farm, St. Paul, Minn. Associate Professor of 
Agricultural Biochemistry, University of Minne- 
sota; Assistant Chemist, Minnesota Experiment 
Station. (2, 1924 ; 5, 1934) 

Kennedy, Robert P., M.D. ICnollwood Drive, 
R. D. 1, Rochester, N. Y". (4, 1929) 

Kenton, Harold B., Ph.D. New England Dea- 
coness Hospital, Boston, Mass. Bacteriologist 
and Director of the Blood Bank. (6, 1934) 
Kenyon, Allan T., M.D. University of Cliicago, 
Division of Biological Sciences, 950 E. 59th St., 
Chicago, 111. Assistant Professor of Medicine. 
3, 1940) 

Keresztesy, John C., M.A., Ph.D. Cancer Re- 
search, Mt. Sinai Hospital, Fifth Ave. and 100th 
St., New York 19, N. Y'. (2, 1941 ; 5, 1945) 
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Kerr, Stanley E., Ph.D. American University of 
Beirut, Beirut, Lebanon, Syria. Professor of 
Biological Chemisiry. (2, 1937) 

Kerr, Wm. J., M.D. University of California 
Hospital, Third and Parnassus Aves., San Fran- 
cisco. Professor of Medicine, University of 
California; Physician-in-Chief, University of 
California Hospital. (3, 1930) 

Eesten, Homer D., M.D. College of Physicians 
and Surgeons, Columbia University, New York 
City. Associate Professor of Pathology. (4, 
1931) 

Kety, Seymour S., M.D. Dept, of Pharmacology, 
Medical School, University of Pennsylvania, 
Philadelphia 4. Associate in Pharmacology, 
Medical School; Assistant Visiting Physician in 
Medicine, Philadelphia General Hospital. (3, 
1945) 

Keys, Ancel, M.A., Ph.D., D.Phil. Stadium 
South Tower, University of Minnesota, Min- 
neapolis. Professor and Director of Laboratory 
of Physiological Hygiene. (1,'1939 ; 2, 1936) 
Khorazo, Devorah, M.D. Apt. 4G, 480 W. 187th 
St., New York City. Instructor in Bacteriology, 
Columbia University, Eye Institute. (6, 1936) 
Kidd, John G., M.D. Cornell University Medical 
College, 1300 York Ave., New York City. Pro- 
fessor of Pathology; Pathologist, New York 
Hospital. (4, 1938; 6, 1937) 

Kik, M. C., Ph.D. College of Agriculture, Uni- 
versity of Arkansas, Fayetteville. Associate 
Professor of Agricultural Chemisiry. (5, 1942) 
Kilborn, Leslie G., M.A., M.D., Ph.D. 47 Warren 
Road, Toronto, Ontario, Canada. (1, 1928) 
Killian, John Allen, A.M., Ph.D. Killian Research 
Laboratories, Inc., 49 W. 45th St., New York 
City. (2, 1921) 

King, Barry G., M.A., Ph.D. College of Physicians 
and Surgeons, Columbia University, 630 West 
168th St., New York City. Assistant Professor 
of Physiology; Lieutenant, USNR, Naval Medi- 
cal Research Institute, Bethesda, Md, (1, 1938) 
King, Charles Edwin, Ph.D. Vanderbilt Univer- 
sity, Nashville, Tenn. Associate Professor of 
Physiology. (1, 1916) 

King, Charles Glen, Ph.D. Nutrition Founda- 
tion, Inc., Chrysler Building, New York City. 
Scientific Director. (2, 1931 ; 5, 1933) 

King, Jessie Luella, Ph.D. Goucher College, 
Baltimore, Md. Professor of Physiology. (1, 
1914) 

King, Joseph T., M.D., Ph.D. 314 Millard Hall, 
University of Minnesota Medical School, Minne- 
apolis. Assistant Professor of Physiology. (1, 
1931) 

King, Lester, S., M.D. The Fairheld State Hos- 
pital, Newtown, Conn. Hospital Pathologist. 
(4, 1941) 


Kirk, Paul L., Ph.D. University of California, 
Berkeley. Professor of Biochemistry. (2, 1933) 
Kirkbride, Mary B., Sc.D. Division of Labora- 
tories and Research, New York State Depart- 
ment of Health, Albany. Associate Director. 
(6, 1921) 

Kisch, Bruno, M.D.* 845 'West End Ave., New 
York City. Professor of Biochemistry, Yeshiva 
University. (I, 1943) 

Kleiber, M,, D.Sc.* University of California, 
Davis. Professor of Animal Husbandry. (1, 1943; 
5, 1933) 

Klein, J. Raymond, Ph.D. University of Illinois, 
Neuropsychiatric Institute, 912 S. Wood St., 
Chicago. Biochemist and Assistant Professor 
of Psychiatry and Physiological Chemisiry. 
(2, 1941) 

Kleiner, Israel Simon, Ph.D. New York Medical 
College, Flower and Fifth Avenue Hospitals, 
N ew York 29, N. Y. Professor of Physiology and 
Biochemistry. (1, 1911; 2, 1912; 3, 1912; 5, 1933) 
Kleitman, Nathaniel, A.M., Ph.D. University 
of Chicago, Chicago, Rl. Associate Professor of 
Physiology. (1, 1923) 

Klemperer, Friedrich Wilhelm, M.D., Massachu- 
setts General Hospital, Boston, Mass. Assistant 
in Medicine. (2, 1941) 

Kletzien, Seymour W., M.S., Ph.D., 22 Lafayette 
Blvd., Williamsville, N. Y. Biochemist. (5, 1933) 
Kline, O. L., Ph.D. U. S. Department of Agri- 
culture, Food and Drug Administration, Wash- 
ington, D. C. Biochemist. (5, 1936) 

Kliiver, Heinrich, Ph.D. University of Chicago, 
Chicago, 111 . Professor of Experimental Psychol- 
ogy. (1, 1935) 

Knoefel, Peter K., M.A., M.D. University of 
Louisville,, 101 W. Chestnut St., Louisville, Ky. 
Professor of Pharmacology. (3, 1934) 

Knowiton, Frank P., A.M., M.D. Syracuse Uni- 
versity College of Medicine, Syracuse, N. Y. 
Professor of Physiology. (1, 1911) 

Knowiton, Clinton G., Ph.D. Aero Medical 
Laboratory, Wright Field, Dayton, 0. (1, 
1938) 

Knudson, Arthur, Ph.D; Albany Medical College, 
New Scotland Ave., Albany, N. Y. Professor of 
Biochemistry and Associate Dean. (2, 1919; 5, 
1936) 

Knutti, Ralph Eddy, M.D. Children's Hospital, 
Los Angeles, Calif. Director of Laboratories; 
Assistant Professor of Pathology, University of 
Southern California. (4, 1933) ' 

Kober, Philip A., B.S. Sherman Laboratories, 
Detroit, Mich. Director of Research. (2, 1912) 
Koch, Elizabeth M., M.A., Ph.D. 1534 B. 59th 
St., Chicago, 111. (2, 1925) 

Koch, Fred Conrad, M.S., Ph.D. 1534 East 59tb 
St., Chicago, 111. Director of Biochemical Re- 
search, Armour Laboratories; Professor of Bio- 
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chemisiry Emeritus, University of Chicago. 
(2, 1912; 5, 1933) 

Kochakian, Charles D., A.M.,- Ph.D. University 
of Rochester Medical School, 260 Crittenden 
Blvd., Rochester, N. Y. Assistant Professor, 
Dept, of Vital Economics. (1, 1942) 

Kocher, Rudolph Alfred, M.D. Box 926, Carmel, 
Calif. Director, Velie Metabolic Clinic. (2, 
1915) 

Koehler, Alfred E., M.D., Ph.D. 317 W. Pueblo 
St., Santa Barbara, Calif. Physician, Sansum 
Clinic, Santa Barbara Cottage Hospital. (2, 
1924) 

Koehne, Martha, Ph.D. Ohio State Department 
of Health, 75 Eighteenth Ave., Columbus. Nu- 
tritionist. (5, 1933) 

Koepf, George F., M.D, 109 Linwood Ave., 
Buffalo 9, N. Y. Instructor of Medicine and 
Associate in Physiology, University of Buffalo. 
(1, 1942) 

Koerber, Walter L,, Ph.D. E. R. Squibb & Sons, 
New Brunswick, N. J. Assistant Department 
Head. (6, 1943) 

Kohn, Henry I., Ph.D. Duke Medical School, 
Durham, N. C. .Assistant Professor of Physiol- 
ogy and Pharmacology. (1, 1940) - 
Kolmer, John A., M.S., M.D., D.P.H., Sc.D., 
^ LL.D., L.H.D. 1 Montgomery Ave., Bala- 
CjTiwyd, Pa. Professor of Medicine, Temple 
University; Director, Research Institute of Cu- 
taneous Medicine. (6, 1913) 

Komarov, Simon A„ M.S., M.D., Ph.D. S. S. Fels 
Fund, Med. Research Laboratory, 255 S. 17th 
St., Philadelphia, Pa. Director of Dept, of Bio- 
chemistry. (1, 1933) 

Kopeloff, Nicholas, Ph.D. New York State 
Psychiatric Institute, 722 W. 16Sth St., New 
York City. Principal Research Bacteriologist, 
New York Slate Psychiatric Institute and Hos- 
pital. (G, 1937) 

Koppanyi, Theodore, Ph.D. Georgetown Uni- 
versity, Washington, D. C. Professor of Phar- 
macology. (1, 1924 ; 3, 1935) 

Korr, Irwin M., M.A., Ph.D. Still Memorial 
Research Trust, Kirksville, Mo, (I, 1939) 
Kozelka, Frank L., Ph.D. Dept, of Pharmacology 
and Toxicology, University of Wisconsin, Madi- 
son. Assistant Professor of Toxicology. On leave. 
Captain, Sn.C. (3, 1939) 

Krahl, Maurice E., Ph.D. Dept, of Pharmacology, 
College of Physicians and Surgeons, Coloumbia 
University, 630 W. 16Sth St., New York City. 
(2, 1939) » 

Krakower, Cecil Alexander, M.D. University of 
Illinois College of Medicine, 1853 West Polk St., 
Chicago. Associate Professor of Pathology. (4, 
1945) 

Kramer, Benjamin, .A.M., M.D. CO Plaza St., 
Brooklyn, N. Y. Pcdiatrician-in-Chief, Brook- 


lyn Jetoish Hospital; Professor of Clinical 
Pediatrics, Long Island College Medical School. 
(1, 1915; 2, 1914) 

Kramer, Martha, Ph.D. Department of Home 
Economics, Yenching University, Peiping, 
China. Professor of Food Economics and 
Nutrition. (5, 1933) 

Kramer, S. D., M.D., Ph.D. 65 Mendum St., 
Roslindale, Mass. Virologist. (G, 1944) 

Krantz, John C., Jr., M.S., Ph.D. University of 
Maryland Medical School, Baltimore. Pro- 
fessor of Pharmacology. (3, 1937) 

Krauss, William E., Ph.D. Ohio Experiment 
Station, Wooster. Chief, Dairy Department. 
(2, 1932; 5, 1933) 

Kraybill, Henry R., M.S., Ph.D. 5720 Woodlawn 
Ave., Chicago 37, 111. Professorial Lecturer, De- 
partment of Biochemistry, University of Chicago; 
Director, Department of Scientific Research, 
American Meat Institute. (2, 1942) 

Krayer, Otto, M.D. Harvard Medical School, 25 
Shattuck St., Boston, Mass. Associate Pro- 
fessor of Comparative Pharmacology. (3, 1938) 
Krop, Stephen, Ph.D. Yale University School of 
Medicine, 333 Cedar St., New Haven, Conn. In- 
structor in Pharmacology. (3, 1944) 

Krueger, Albert Paul, M.D. Captain M.C., 
U.S.N.R. 3517 Life Sciences Bldg., University of, 
California, Berkeley. Professor of Bacteriology; 
Commanding Oifteer U.S.N. Medical Research 
Unit No. 1, Berkeley, Calif. (4, 1930; 6, 1937) 
Krueger, Hugo M., Ph.D. Univ. of Tenn. College 
of Med., S74 Union Avenue, Memphis 3. Asso- 
ciate Professor of Pharmacology. (1, 1931; 3, 
1935) 

Erumbhaar, Edward B., M.D., Ph.D. University 
of Pennsylvania Medical School, Philadelphia. 
Professor of Pathology. (1, 1914; 4, prior to 
1920) 

Kruse, Harry Dayton, M.D., Sc.D. Milbank- 
Memorial Fund, 40 Wall St., New York City. 
(2, 1933) 

Kruse, TheophileJK., A.M., Ph.D. University of 
Pittsburgh iClSical School, Pittsburgh, Pa. 
Professor of Physiology and Pharmacology. 
(1, 1919:3, 1920) 

Kubie, Lawrence S., M.D. 7 E. Slst St., New 
York City. Associate in Neurology, College of 
Physicians and Surgeons, Columbia University. 
(4, 1928) 

Kuhn, Harry A., M.S. 3915 Fulton St., N.W., 
Washington, D. C. Colonel, C. IF. S., IFar Depart- 
ment; Executive Officer, C. W. Procurement 
District. (3, 1927) 

Kuhn, Ludwig E., Ph.D. 329 2nd St., Pitcairn, Pa. 
(6, 1939) 

Kunde, Margarete M., Ph.D., M.D. 30 K. Michi- 
gan Ave., Chicago, 111. Instructor in Medicine, 
Northwestern University Medical School; Clinical 
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Assistant in Endocrinology, Cook County Hos- 
pital. (1, 1924) 

Kurtz, Alton C., Ph.D. Department of Bio- 
chemistry, Medical School, University of Okla- 
homa, Oklahoma City. Associate Professor. 
(2, 1942) 

Kydd, David M., M.D. Mary Imogene Bassett 
Hospital, Cooperstown, N. Y. Associate Physi- 
cian. (5, 1934) 

Eyes, Preston, A.M., Sc.D., M.D. North Jay, 
Me. (6, 1918) 

Lacy, G. R., IVI.D. University of Pittsbui^h, 
Pittsburgh, Pa. Professor of Bacteriology and 
Immunology. (4, 1927) 

Lamb, Alvin R., M.S., Ph.D. Experiment Sta- 
tion, Hawaiian Sugar Planters’ Association, 
Honolulu. Research Associate. (2, 1923; 5, 
1934) 

Lambert, Edward H., Ph.D., M.D.* Mayo Aero 
Medical Unit, Ma 5 ’'o Foundation, Rochester, 
Minn. Associate in Physiology! (1, 1945) 
Lambert, Robert A., M.D. Rockefeller Founda- 
tion, 49 W. 49th St., New York City. Associate 
Director for the Medical Sciences. (4, 1922) 
Lamport, Harold, M.D.* Yale University School 
of Medicine, New Haven, Conn. Assistant Pro- 
fessor of Physiology. (1, 1943) 

Lamson, Paul Dudley, M.D. Vanderbilt Uni- 
versity Medical School, Nashville, Tenn. Pro- 
fessor of Pharmacology. (1, 1921; 3, 1915) 
Lamson, Robert W., A.M., Ph.D., M.D. Suite 
810, 1930 Wilshire Blvd., Los Angeles, Calif. 
Professor of Medicine and Public Health, Uni- 
versity of Southern California School of Medicine. 
(6, 1928) 

Lancefield, Rebecca C., Ph.D, 4 Kenmore Rd., 
Douglaston, Long Island, N. Y. Associate 
Member, Rockefeller Institute for Medical Re- 
search. (6, 1933) 

Landis, Carney, Ph.D. Psychiatric Institute and 
Hospital, Columbia University, 722 W. 168th St., 
New York City. Principal Research Psychol- 
ogist and Professor of Psychology. (1, 1939) 
Landis, Eugene Markley, Ph.D., M.D. Depart- 
ment of Physiology, Harvard Medical School, 
25 Shattuck St., Boston, Mass. George Higginson 
Professor of Physiology. (1, 1928) 

Lands, Alonzo M., M.A., Ph.D. Frederick 
Stearns and Co., 6533 Jefferson Ave., Detroit, 
Mich. Director, Pharmacologic Research. (1, 
1942) 

Lange, Carl, M.D. 371 Morris St., Albany, N. Y, 
Associate Bacteriologist, Divisions of Labora- 
tories and Public Health, New York Stale De- 
partment of Health. (6, 1938) 

Langley, Wilson D., Ph.D. University of Buffalo 
Medical School, Buffalo, N. Y. Associate Pro- 
fessor of Biological Chemistry. (2, 1937) 


Langworthy, Orthello R., M.A,, M.D. Johns 
Hopkins Hospital, Baltimore, Md. Associate 
Professor of Neurology, Johns Hopkins Univer- 
sity. (1, 1928) 

Larrabee, Martin G., Ph.D. Johnson Foundation, 
for Medical Physics, University of Pennsylvania, 
Philadelphia. Assistant Professor of Biophysics. 
(1, 1940) 

Larson, Edward, Ph.D. Temple University Medi- 
cal School, Broad and Ontario Sts., Philadelphia, 
Pa. Associate Professor of Pharmacology. (1, 
1929; 3, 1937) 

Larson, Hardy W., A.M., Ph.D. Metropolitan 
Life Insurance Co., Biochemical Laboratory, 1 
Madison Ave., New York City. Research 
Chemist. (2, 1937) 

Larson, Paul S., Ph.D. Medical College of Vir- 
ginia, Richmond. Associate in Physiology and 
Pharmacology. (1, 1939) 

Larson, W. P,, M.D. University of Minnesota, 
Minneapolis. Professor and Head of Depart- 
ment of Bacteriology and Immunology. (6, 1917) 

Lashley, K. S., M.S., Ph.D., D.Sc. Yerkes Labora- 
tories, Orange Park, Fla. Research Professor of 
Neuropsychology, Harvard University; Director, 
Yerkes Laboratories of Primate Biology, Inc. 
Member of the National Academy of Sciences. 
(1, 1923) 

Laskowski, M., Ph.D. Marquette University 
Medical School, Milwaukee 3, Wis. Associate 
Professor of Biochemistry. (2, 1944) 

Laug, E. P., M.A., Ph.D. Division of Pharma- 
cology, Food and Drug Administration, Federal 
Security Agency, Washington 25, D. C. Senior 
Pharmacologist. (2, 1938) 

Laurens, Henry, A.M., Ph.D., LL.D. P.O. Box 
157, Flat Rock, N. C. Professor of Physiology. 
(1, 1913) 

Lavine, T. F., Ph.D. Lankenau Hospital Re- 
search Institute, Philadelphia, Pa. Research 
Chemist. (2, 1938) 

Lawrence, W. Sherwood, M.D. Dept, of Pharma- 
cology, University of Michigan, Ann Arbor. 
Instructor of Pharmacology. (3, 1944) 

Lawson, Hampden, M.D., Ph.D. University of 
Louisville, Louisville, Ky. Professor of Physi- 
ology. (1, 1933) 

Leake, Chauncey D., M.S., Ph.D. The Univer- 
sity of Texas Medical Branch, Galveston. Vice- 
President of the University of Texas in Charge 
of the Medical Program. (1, 1923 ; 3, 1924) 

Leathem,«James H., Ph.D.* Rutgers University, 
New Brunswick, N. J. Assista7il Professor of 
Zoology. (1, 1945) 

Leathes, John Beresford, M.A., M.B., F.R.C.S., 
F.R.S. 106 Banbury Rd., O.xford, England. 
(2, 1909) 
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Ledcrer, Ludwig George, Ph.D., M.D. Pennsyl- 
vania Centra! Airlines, National Airport, Wash- 
ington, D. C. Meiical Director. (1, 1940) 

Lee, Milton O., M.A., Ph.D. Harvard Medical 
School, Boston, Mass. Associate, Memorial 
Foundation for Neuro-endocrine Research;- Re- 
search Felloxo in Physiology. (1, 1927 ; 5, 1933) 
Lee, Robert Cleveland, B.Ch.E., M.A.* 309 Belle- 
vue St., Newton, Mass. Member of Research Staff, 
Nutrition Lab., Carnegie Institution of Washing- 
ton. (1,19«;5,1940) 

Leese, Chester E., M.S., Ph.D. George Wash- 
ington University School of Medicine, Wash- 
ington, D. C. Associate Professor of Physiology. 
(1, 1934) 

Lehman, Arnold J., Ph.D., M.D. University of 
North Carolina School of Medicine, Chapel Hill. 
Professor of Pharmacology. (3, 1937) 

Lehman, Robert A., M.S., Ph.D. New York Uni- 
versity College of Medicine, 477 First Avc.,New 
York City. Instructor in Therapeutics. (3, 
1942) ' 

Lehmann, Gerhard, M.D., Dr.Ing. Hoffmann* 
La Roche, Scientific Dept., Nutlcy 10, N. J. 

, Pharmacologist. (3, 1939) 

Lenhart, Carl H., M.D. Lakeside Hospital, 2065 
, Adelbert Rd., Cleveland, 0. Oliver H. Payne 
Professor of Surgery, TFcstcrn. Reserve Univer- 
sity. (1, 1921) 

Lennette, Edwin H„ Ph.D., M.D. 49 W. 49th St. 
New York, N. Y. Stag Member, International 
Health Division, The Rockefeller Foundation. 
(4,1941) 

Leonard, Clfford Shattuck, M.S., Ph.D. Uni- 
versity of Vermont Medical College, Burlington. 
Assistant Professor of Pharmacology. (3, 1927) 
Lepkovsky, Samuel, M.S., Ph.D. University of 
California, Berkeley. Associate Professor of 
Poultry Husbandry. (2, 1933 ; 5, 1933) 
L’Esperance, Elise L., M.D. 321 E. 15th St., 
New York City. Director of Laboratories, New 
York Infirmary for Women and Children. (G, 
1920) 

Leverton, Ruth M., Ph.D. Department of Home 
Economics, University of Nebraska, Lincoln. 
Associate Professor Human Nutrition Research. 
(5, 1942) 

Levin, Louis, Ph.D. Columbia Univ., 630 W. 
IGSth St., New York 32, N. Y. Research Associate 
in Biochemistry. (2, 1939) 

Levine, Harold, Ph.D. Pabst Brewing Co., 917 
W. Juneau Ave., Milwaukee, Wis. Biochemist. 
(2, 1933; 5, 1933) 

Levine, Milton, M.S., Ph.D. Inst, of Experi- 
mental Medicine, Collogoof Medical Evangelists, 
312 N. Boyle Ave., Los Angeles, Calif. (G, 1942) 


Levine, Philip, M.D., M.A. Ortho Research 
Foundation, Linden, N. J. Scrologisl and Bac- 
teriologist. (6, 1925) 

Levine, Rachmiel, M.D., C.M. Michael Reese 
Hospital, Chicago, 111. Acting Director, Depart- 
ment of Metabolic Research. (1, 1942) 

Levine, Samuel Z., M.D., New York Hospital, 
525 E. 68th St., New York City. Professor of 
Pediatrics, Cornell University Medical College; 
Pedialrician-in-Chief, New York Hospital. 
(5, 1933) 

Levine, Victor Emanuel, A.M., Ph.D., M.D. 
Creighton University School of Medicine, 
Omaha, Neb. Professor of Biological Chemistry 
and Nutrition. (2, 1936) 

Levinson, Samuel A., M.D. University of Illi- 
nois College of Medicine, 808 S. Wood St., Chi- 
cago. Professor of Pathology; Director Labora- 
tories, Research & Educational Hospital. (4, 
1938) 

Levison, Louis A., M.D. 421 Michigan St., 
Toledo, 0. Physician to Toledo Hospital; 
Physician to St. Vincent Hospital. (6, 1916) 
Levy, Milton, Ph.D. 477 First Ave., New York 
City. Assistant Professor of Chemistry, New 
York University College of Medicine. (2, 1933) 
Levy, Robert L., M.D. 730 Park Ave., New York 
City. Professor of Clinical Medicine, College 
of Physicians and Surgeons, Columbia Univer- 
sity. (3, 1915) 

Lewey, F. H., M.D. University Hospital, Uni- 
versity of Pennsylvania, Philadelphia. Visiting 
Professor of Neurophysiology and Consultant 
in Neurology. Major (MC), A US. (1, 1937) 
Lewis, Gladys Kinsman, M.A., Ph.D. 401 S. 

Lafayette St., Denver 9, Colo. (5, 1944) 

Lewis, Howard Bishop, Ph.D. Medical School, 
University of Michigan, Ann Arbor. Professor 
of Biological Chemistry and Director of the Col- 
lege of Pharmacy. (1, 1925; 2, 1913; 5, 1933) 
Lewis, Julian Herman, M.D. 4750 Champlain 
Ave., Chicago, HI. Associate Professor of 
Pathology, University of Chicago; Member of the 
Olho S. A. Sprague Memorial Institute. (4^ 
1924) 

Lewis, Robert C., Ph.D. 4200 E. 9th Ave., Den- 
ver, Colo. Professor of Biochemistry, School of 
Medicine, University of Colorado. (2, 1931- 
5, 1933) ’ 

Lewis, Warren H., M.D. The Wistar Institute of 
Anatomy and Biology, Woodland Ave. and 36th 
St., Philadelphia, Pa. Member; Member of the 
National Academy of Sciences. (I, 1919) 

Li. Choh Hao, Ph.D. 4596 Life Science Bldg., 
University of California, Berkeley. Assistant 
Professor of Experimental Biology and Lecturer 
in Anatomy. (2, 1944). 
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Li, Richard D., M.D. Peiping Union Medical 
College, Peiping, China. Instructor in Pharma- 
cology. (3, 1941) 

Libby, Raymond L., M.S., Ph.D. American 
Cyanamid Co., 1937 W. Main St., Stamford, 
Conn. Bio-physicist. (6, 1938) 

Libet, Benjamin, Ph.D. Univ. of Chicago, Chi- 
cago 37, 111. Instructor in Physiology. (1, 
1942) 

Libman, Emanuel, M.D. 180 E. 64th St., New 
York City. Consulting Physician, Mount Sinai 
Hospital. (6, 1920) 

Liddell, Howard S., A.M., Ph.D. Cornell Uni- 
versity, Ithaca, N. Y. Professor of Psychology. 
(1, 1925) 

Lieb, Charles C., M.D. 630 W. 168th St., New 
York City. Hosack Professor of Pharmacology, 
College of Physicians and Surgeons, Columbia 
University. (1, 1936; 3, 1915) 

Lieberman, Arnold L., M.D., Ph.D. 328 No. 
Countrj' Club Road, Tucson, Ariz. (1, 1934) 

Lifson, Nathan, M.D., Ph.D.* 617 Kenwood Park- 
way, Minneapolis, Minn. Assistant Professor of 
Physiology, University of Minnesota Medical 
School. (1, 1944) 

Lightbody, Howard D., M.S., Ph.D. Western 
Regional Research Laboratory, U. S. Department 
of Agriculture, Albany 6, Calif. Principal Bio- 
chemist. (2, 1936) 

Lilienthal, Joseph L., Jr., M.D.* School of Avia- 
tion Medicine, Naval Air Training Bases, Pensa- 
cola, Fla. Member, Physiological Research 
Section. (1, 1945) 

Lillie, Ralph Stayner, Ph.D., Sc.D. University 
of Chicago, Chicago, 111. Professor Emeritus of 
General Physiology; Physiologist, Marine Bio- 
logical Laboratory, Woods Hole, Mass. (1, 
1905; 2, 1913) 

Lillie, R. D., M.D. Chief Pathology Laboratory, 
National Institute of Health, Bethesda, Md. 
Medical Director, U. S. P. H. S. (4, 1941) 

Lim, Robert Kho-Seng, Ph.D., D.Sc., F.R.S.E. 
Board of Health, Chinese National Government, 
Chunking, China. (1, 1923) 

Lindsley, Donald B., M. A., Ph.D. Bradley Home, 
East Providence, R.I. Director of Psychological 
and Neurophysiological Laboratory; Assistant 
Professor of Psychology, Brovm University. 
Director, N.D.R.C. project, Camp Murphy, Fla. 
(1, 1937) 

Linegar, Charles R., Ph.D. E. R. Squibb and Sons, 
Biological Laboratory, New Brunswick, N. J. 
Chief, Biological Development and Control Lab- 
oratory. (3, 1938) 

Linewcaver, Hans, M.A., Ph.D. Western Re- 
gional Research Laboratory, U. S. Department of 
Agriculture, Albany G, Calif. Senior Biochemist. 
(2, 1941) 


Link, Karl Paul, Ph.D. Biochemistry Building, 
University of Wisconsin, Madison. Professor 
of Biochemistry. (2, 1931) 

Lintz, William, M.D. 36 Plaza St., Brooklyn, 
N. Y. Late Professor of Immunology and 
Bacteriology and Clinical Professor of Medicine, 
Long Island College of Medicine. (6, 1920) 
Lipman, Mrs. Miriam O., A.M. Presbyterian 
Hospital, 620 W. 168th St., New York City. 
Research Assistant, Edward Daniels Faulkner 
Arthritis Clinic. (6, 1931) 

Lipmann, Fritz, M.D., Ph.D. Biochemical Re- 
search Laboratory, Massachusetts General Hos- 
pital, Boston. Research Chemist; Head, Biochem- 
tcal Research Laboratory; Research Fellow in Bio- 
chemistry and Surgery, Harvard Medical School. 
(2, 1941) 

Litchfield, John T., Jr., M.D. American Cy^- 
anamid Co., 1937 W. Main St., Stamford, Conn. 
Director of Pharmacology. (3, 1940) 

Little, James Maxwell, M.S., Ph.D. Bowman 
Gray School of Medicine of Wake Forest College, 
Winston-Salem, N. C. Assistant Professor of 
Physiology and Pharmacology. (1, 1942) 
Livingston, Alfred E., Ph.D. Temple University 
School of Medicine, Philadelphia; Pa. Professor, 
of Pharmacology. (1, 1917; 3, 1920) 

Lloyd, David P. C., D.Ph. Rockefeller Inst, for 
Medical Research, 66th St. and York Ave., 
New York 21 , N. Y. Associate Member. (1, 1939) 
Locke, Arthur P., Ph.D. Zonite Products Corpora- 
tion, New Brunswick, N. J. Chief Research Chem- 
ist. (G, 1926) 

Lodholz, Edward, M.D. Medical Laboratories, 
University of Pennsylvania, Philadelphia. 
Isaac Otl Professor of Physiology, Graduate 
School of Medicine. (1, 1913) 

Loeb, Leo, M.D. Washington University Medical 
School, St. Louis, Mo. Professor Emeritus of 
Pathology; Member, National Academy of Sci- 
ences. (1, 1907 ; 4, 1913) 

Loebel, Robert O., M.D. Russell Sage Institute 
of Pathology, Cornell Medical College, 1300 York 
Ave., New York City. Research Fellow; Ad- 
junct Assistant Visiting Physician, Second 
{Cornell) Medical Division of Bellevue Hospital. 
(1, 1928) 

Loew, Earl R., M.S., Ph.D. Univ. of 111. College 
of Med., 1853 W. Polk St., Chicago 12. Associate 
Professor of Pharmacology. (1, 1940) 

Loewe, W. S.,M.D. 17 Cole Terrace, New Rochelle, 
N. Y. Hon. Prof. Pharmacology, Heidelberg; 
Dept of Pharmacology, Cornell University Medi- 
cal College. (3, 1936) 

Logan, Milan A., Ph.D. University of Cincinnati 
School of Medicine, Cincinnati, O. Professor oj 
Biological Chemistry. (2, 1936) 
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Long, C. N. H., M.So., D.Sc., M.D. Yale Uni- 
versity, New Haven, Conn. Sterling Professor 
of Physiological Chemistry. (1, 1935; 2, 1927) 
Long, Esmond R., 1M.D. 7th and Lombard Sts., 
Philadelphia, Pa. Director, Henry Phipps 
■Institute; Professor of Pathology, University of 
Pennsylvania. (4, 1930) 

Long, Perrin Hamilton, M.D. The Johns Hopkins 
University, 615 N. Wolfp St., Baltimore, Md. 
Professor of Preventive Medicine; Colonel, M.C. 
{3, 1940) 

Longcope, Warfield T., M.D. Johns Hopkins 
Hospital, Baltimore, Md. Professor of Medi- 
cine, Johns Hopkins University. (3, 1921 ; 4, 
1913; 6, 1923) 

Longeneckcr, Herbert Eugene, M.S., Ph.D. 
Department of Chemistry, University of Pitts- 
burgh, Pittsburgh, Pa. Dean of Research in the 
NaUtral Sciences and Professor of Biochemistry. 

, (2, 1940; 5, 1945) 

Looney, Joseph M., M.D. 199th General Hospi- 
tal, APO i!#562, c/o Postmaster, New York City. 
LI. Colonel, U. S. A. (2,1922) 

Loosli, Clayton Garr, M.D. The University of 
. Chicago, Department of Medicine, Chicago, 111. 

Assistant Professor. (4, 1940) 

Loosli, J. K., M.S., Ph.D. Animal Nutrition Labo- 
ratory, Cornell University, Ithaca, N. Y. Assoc. 
Prof, of Animal Nutr. and Assoc. Animal Nutri- 
tionist in Exp. Sta. (5, 1944) 

Lorber, Victor, M.D., Ph.D* 1901 East River 
Terrace, Minneapolis, Minn. Assistant Pro- 
fessor of Physiology, University of Minnesota 
Medical School. (I, 1944) 

Lorente de No, Rafael, M.D. The Rockefeller 
Institute for Medical Research, 66th St. and 
York Ave., New York City. Member. (1,1937) 
Lorenz, Egon, Ph.D. National Cancer Institute, 
Bethesda, Md. Senior Biophysicist. (4, 1942) 

, Loring, H. S., M.S., Ph.D. Stanford University, 
Calif. Associate Professor of Biochemistry. 
(2, 1938) 

Loveless, Mary H., M.D. New York Hospital, 
525 E. 6Sth St., New York City. Research 
Associate, Cornell Medical School; Physician to 
Out-Patients, New York Hospital. (6, 1941) 
Lowell, Francis C., M.D. Nine Acre Corner, 
Concord, Mass. Instructor in Medicine, Boston 
City Hospital. (G, 1942) 

Lowry, Oliver H., M.D., Ph.D. Research Labora- 
tory, Public Health Research Institute of the 
City of New York, Foot of E. 16th St. Re- 
search Associate. (2, 1942) 

Lubinski, Herbert, M.D. Jewish General Hos- 
pital, 3765 St. Catherine Rd., Montreal, Canada. 
Bacteriologist. . (6, 1941) 

Lucas, George H. W., M.A., Ph.D. University of 
Toronto, Toronto, Canada. Associate Professor 
of Pharmacology. (2, 1925 ; 3, 192S) 


Luck, James Murray, Ph.D. Stanford Univer- 
sity, Stanford, Calif. Professor of Biochemistry. 
(2, 1925) 

Luckd, Balduin, M.D. 141 Montgomery Ave., 
Bala-Cynwyd, Pa. Professor of Pathology, 
University of Pennsylvania Medical School. 
(4, 1924) 

Luckhardt, Arno Benedict, M.S., Ph.D., M.D., 
Sc.D., LL.D. University of Cluoago, Chicago, 
111. Professor of Physiology. (1, 1911) 
Ludewig, Stephan, Ph.D. University of Virginia 
School of Medicine, University. Assistant 
Professor of Biochemistry. (2, 1941) 

Luduena, Froilan P., Ph.D., M.D. Department of 
Pharmacology, Stanford University Medical 
School, San Francisco, Calif. Assistant Professor 
of Pharmacology. (3, 1941) 

Lukens, Francis D. W., M.D. University of 
Pennsylvania, 809 Maloney Clinic, 36th and 
Spruce Sts., Philadelphia. Assistant Professor 
of Medicine and Director, George S. Cox Medical 
Research Institute. (1, 1938) 

Lund, E. J., Ph.D. Department of Zoology and 
Physiology, University of Texas, Austin. Pro- 
fessor of General Physiology. (1, 1930) 
Lundgren, Harold P,, Ph.D. Western Regional 
Research Laboratory, U.S.D.A., Albany' 6, Calif. 
Senior Chemist. (2, 1942) 

Lundy, John Silas, M.D. The Mayo Foundation, 
Rochester, Minn. Chief of Section on Anes- 
thesia. (3, 1935) 

Lurie, Max B., M.D. Henry Phipps Institute, 
7th and Lombard Sts., Philadelphia, Pa. Asso- 
ciate Professor of Experimental Pathology. 
(4. 1934; 6, 1930) 

Lutz, Brenton E., Ph.D, Boston University, 688 
Boylston St., Boston, Mass. Professor of 
Biology. (1, 1925) 

Luyet, Basile J., Sc.D. (Biol.), Sc.D. (Physics). 
St. Louis University School of Medicine, St. 
Louis, Mo. Professor of Biology. (I, 1936) 
Lyall, Harold W., A.M., Ph.D. Division of Labo- 
ratories and Research, New York State Depart- 
ment of Health, Albany. Assistant Director in 
charge of Antitoxin, Scrum, and Vaccine Labo- 
raiories. (G, 1937) 

Lyman, Carl M., Ph.D. Division of Swine Hus- 
bandry, Agricultural E.xperiment Station, Col- 
lege Station, Texas. Nutritionist. (2, 1940) 
Lyman, John F., Ph.D. Townshend Hall, Ohio 
State University, Columbus. Professor of Agri- 
cultural Chemistry. (2, 1920; 5, 1933) 

Maaske, Clarence A., Ph.D.* ifayville, Wis, 
Project Engineer, Physiology Branch. (I, 1945) 
Macallum, A. Bruce, M.D., Ph.D. Jlcdical 
School, University of Western Ontario, London, 
Ont., Canada. Professor of Biochemistry. (2, 
1914) 
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MacArthur, Edith H., A.M., Ph.D. Skidmore 
College, Saratoga Springs, N. Y. Professor and 
Director of Home Economics. (5, 1933) 
MacCorquodale, D. W., M.S., Ph.D. Abbott 
, Laboratories, North Chicago, 111. Head, ' Bio- 
chemical Research. (2, 1934) 

MacFadyen, Douglas A., M.A., M.D. Alfred I. 
DuPont Institute of the Nemours Foundation, 
Wilmington, Del. Chief of Biochemistry (On 
leave to U. S. Army, Captain). (2, 1942) 
MacEay, Eaton M., M.D. The Scripps Metabolic 
Clinic, La Jolla, Calif. (1, 1930) 

Mackenzie, Cosmo G., D.Sc. Plant Park, Tampa, 
Fla. (5, 1942) 

Mackenzie, George M., M.D. Mary Imogene 
Bassett Hospital, Cooperstown, N. Y. Physi- 
cian-in-Chief ; Director, Otsego County Labora- 
tories. (6, 1921) 

MacLeod, Colin M., M.D. New York University 
College of Medicine, 477 First Ave., New York 
City. Professor of Bacteriology. (6, 1937) 
MacLeod, Florence L., M.A., Ph.D. University 
of Tennessee, Kno.^ville. Professor of Nutri- 
tion. (2, 1927; 5, 1933) 

MacLeod, Grace, M.A., Ph.D. 106 Morningside 
Drive, New York City. Professor Emeritus of 
Nutrition, Teachers College, Columbia Uni- 
versity. (2, 1924; 5, 1933) 

MacLeod, John, M.S., Ph.D. Cornell University 
Medical College, 1300 York Ave., New York City. 
Research Associate of Anatomy. (1, 1942) 
MacNabb, Andrew L., V.S., B.V.Sc., F.A.P.H.A. 
Department of Health of Ontario, Toronto, 
Canada. Director of Laboratories. (6, 1941) 
MacNcal, Ward J., M.D. New York Post- 
Graduate Medical School and Hospital, 303 E. 
20th St., New York City. Professor of Bacteri- 
ology. (4, 1925) 

MacNider, William deB., M.D., Sc.D., LL.D. 
University of North Carolina, Chapel Hill. 
Kenan Research Professor of Pharmacology; 
Member, National Academy of Sciences. (1, 
1912; 2, 1912; 3, 1909; 4, prior to 1920) 

Macht, David Israel, M.D., Phar. D. (hon.), 
Litt. D. 3420 Auchentoroly Ter., Baltimore, Md. 
Research Pharmacologist, Sinai Hospital Labo- 
ratories, and Consultant Pharmacologist, Sinai 
Hospital. (1, 1916) 

MacPhillamy, Betty Bowser, M.S., Ph.D. 35 
Beckman Rd., Summit, N. J. Virologist. (6, 
1944) 

Madden, Sidney C., M.D. Emory University, 
School of Medicine, Atlanta, Ga. Professor of 
Pathology. (4, 1939) 

Maddock, Stephen, M.D. Boston City Hospital, 
Boston, Mass. Director of Surgical Research 
Laboratory. (4, 1931) 


Madsen, Louis L., Ph.D. Dept, of Animal Hus- 
bandry, Utah State Agricultural College, Logan. 
Nutritionist. (5, 1940) 

Maes, Julian P., M.D.* Dartmouth Medical 
School, Hanover, N. H. Department of Pharma- 
cology. (1, 1943) 

Magath, Thomas B., M.S., Ph.D., M.D. Mayo 
Clinic, Rochester, Minn, Associate Professor 
of Clinical Bacteriology and Parasitology, Uni- 
versity of Minnesota, Mayo Foundation; Con- 
sultant Physician in Clinical Laboratories, 
Mayo Clinic. (1, 1928) 

Magill, Thomas P„ M.D. Cornell University 
Medical College, 1300 York Ave., New York 
City. (G, 1937) 

Magoun, Horace W., Ph.D. Northwestern Uni- 
versity Medical School, 303 E. Chicago Ave., 
Chicago, 111. Professor of Microscopic Anatomy. 
(1, 1937) 

Mahon, Eleanor Conway, Ph.D, Iron River, 
Mich. (4, 1940) 

Main, RoIIand J., Ph.D, Medical College of 
Virginia, Richmond. Professor of Physiology. 
(1, 1936) 

Maison, George L., M.S., M.D. Aero-Medical 
Research Laboratory, Engineering Division, 
Wright Field, Dayton, 0. 1st. Lt., Medical Corps., 
Assistant Professor of Physiology, TFcyne Uni- 
versity, Detroit, Mich. (1, 1939) 

•Major, Randolph T., M.Sc., Ph.D. Coles Ave., 
Mountainside, Westfield, N. J. Director of 
Research, Merck & Co., Inc., Rahway, N. J. 
(2, 1942) 

Mallory, G. Kenneth, M.D. Mallory Institute 
of Pathology, Boston City Hospital, Boston, 
Mass. Professor. (4, 1940) 

Mallory, Tracy B., M.D. Massachusetts General 
Hospital, Boston. Director of Pathology and 
Bacteriology; Assistant Professor of Pathology, 
Harvard Medical School. (4, 1937) 

Maloney, Arnold H., Ph.D., M.D., LL.D. How- 
ard University School of Medicine, Washington, 
D. C. Professor and Head of Department of' 
Pharmacology. (3, 1932) 

Maltaner, Frank, Ph.D. 388 New Scotland Ave., 
Albany, N. Y. Associate Biochemist, Division 
of Laboratories and Research, New York Stale 
Department of Health. (6, 1920) 

Maluf, N. S. Rustum, M.S., Ph.D. Company D, 
SeSU, No. 1144, 427 Vanderbilt Hall, Harvard 
School, Boston, Mass. (1, 1942) 

Man, Evelyn B., Ph.D. 333 Cedar St., New Haven, 
Conn. Assistant Professor in the Biochemistry 
Laboratory, Dept, of Psychiatry, Yale University 
School of Medicine. (2, 1936) 

Manery, Jeanne Forest, M.A., Ph.D. Medical 
School, University of Toronto, Toronto, Ont., 
Canada. Demonstrator in Biochemistry. (L 
1937) 
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Mann, Frank C., M.A., M.D., So.D., LL.D. 
Mayo Clinic, Box 25G, Rochester, Minn. Direc- 
tor, Division of Experimental Medicine; Profes- 
sor of Experimental Medicine, Maijo Foundation. 
(1,1916; 3, 1923; •!. 1924) 

Manning, G. W., M.D.* 20 Woodington Ave,, 
Toronto, Ontario, Canada. Medical Officer in 
Charge, No. S R.C.A.F. Research Unit. (1, 
1944) 

Manviile, Ira Albert, M.A., M.D., Ph.D. 811 N. 

W. 19th Ave., Portland 9, Ore. (1. 1933) 
Manwaring, Wilfred H., M.D. Stanford Uni- 
versity, Palo Alto, Calif. Professor Emeritus of 
Bacteriology and Experimental Pathology. (4, 
prior to 1920; 6. 1917) 

Marine, David, A.M., M.D. IS Baltimore Ave., 
Rehoboth, Del. (1, 1910; 4, 1913) 

Markee, Joseph E., Ph.D.* Duke University 
School of Medicine, Durham, N. C. Professor of 
Anatomy. (1, 1945) 

Markowitz, J., M.D., Ph.D. 220 Bloor St., 
Toronto, Ont., Canada. Research Associate in 
Physiology, University of Toronto, Faculty of 
Medicine. (1, 1929) 

Marmont, George H., Ph.D. 4855 Fourth Ave., 
Detroit, Mich. Electronic Engineer, Bendix Avi- 
ation Research Laboratories. (1, 1941) 
Marmorston, Jessie. 415 N. Camden Drive, 
Beverly Hills, Calif. (6, 1932) 

Marrazzi, Amedeo S., M.D. Wayne University 
College of Medicine, Detroit 26, Mich. Professor 
and Head of the Department of Pharmacology. 
(3, 1938) 

Marsh, Gordon, Ph.D.* State University of Iowa, 
Iowa City. Assistant Professor of Zoology. (1, 
1944) 

Marsh, M. Elizabeth, M.S., Ph.D. Killian Re- 
search Laboratories, 49 W. 4Sth St., New York 
City. Assistant Director. (1, 1929; 5, 1933) 
Marshak, Alfred George, M.A., Ph.D. Radiation 
Laboratory, University of California, Berkeley. 
Research Associate and Finney-Howell Fellovi. 
(1, 1940) 

Marshall, Eli Kennerly, Jr., Ph.D., M.D., LL.D. 
Johns Hopkins Medical School, Baltimore, Md. 
Professor of Pharmacology and Experimental 
Therapeutics; Member, National Academy of 
Sciences. (1, 1915; 2, 1913; 3, 1915) 

Marshall, Wade H., Ph.D. 9700 BrunetfAve., Sil- 
ver Spring, Md, Wilmer Ophthalmological Insti- 
tute, Johns Hopkins Hospital Baltimore, Md. 
Associate in Physiological Optics, Johns Hopkins 
Hospital. (1, 1937) 

Martin, Arthur W., Jr., Ph.D.* 202 Phj'siology 
Hall, University of Washington, Seattle. Asso- 
date Professor of Animal Biology. (1, 1944) 
Martin, Donald S., M.D. Duke Hospital. Durham, 
‘ • C. Associate Professor of Bacteriology and 


Associate in Medicine, Duke University School 
of Medicine. (4, 1940; 6, 1943) 

Martin, Stevens J., M.A., Ph.D. Tilton General 
Hospital, Fort Dix, N. J. Capt. M. C., Chief of 
Sections on Anesthesia and Operating Pavilion, 
and Resuscitation and Oxygen Therapy. (1, 
1933) 

Mason, Edward C,, M.D., Ph.D. University of 
Oklahoma School of Medicine, Oklahoma City. 
Professor of Physiology. (1, 1935) 

Mason, H. L., M.A., Ph.D. Mayo Clinic, Roches- 
ter, Minn. Associate Professor of Physiological 
Chemistry, The Mayo Foundation, University 
of Minnesota. (2, 1941) 

Mason, Karl Ernest, Ph D. The University of 
Rochester, School of Medicine and Dentistry, 
Rochester, N. Y. Professor of Anatomy. 
(I. 1932; 5, 1941) 

Mason, Morton F,, Ph.D. Parkland Hospital, Oak 
Lawn Ave., Dallas, Texas. Professor^of Patho- 
logical Chemistry and Experimental Medicine, 
Southwestern Medical College. (2, 1938) 
Massengale, Oliver N., Ph.D. Mead Johnson & 
Co., Research Laboratory, Evansville, Ind. Re- 
search Biochemist. (2, 1937) 

Masson, Georges M. C., Ph.D.* McGill Uni- 
versity, Montreal, Canada. Research Associate. 
(1, 1944) 

Mast, S. O., Ph.D. Johns Hopkins University, 
Baltimore, Md. Professor of Zoology. '(1, 
1920) 

Mathews, Albert Prescott, Ph.D., D.Sc. (hon.). 
Woods Hole, Mass. Professor Emeritus of 
Biochemistry, Univ. of Cincinnati. (I, 189S; 2, 
1906) 

Mattili, Henry A„ A.M., Ph.D. State University 
of Iowa, Iowa City. Professor of Biochemistry. 
(1, 1913; 2, 1909; 5, 1933) 

Maurer, Frank W., Ph.D. 301 Lake Ave., Newton 
Highlands 61, Mass. (1, 1941) 

Mautz, Frederick E., M.D.* Western Reserve 
School of Medicine, Cleveland 6, O. Assistant 
Professor of Surgery. (1, 1945) 

Mavor, James Watt, Ph.D. Union College, 
Schenectady, N. Y. Professor of Biology'. 
(1, 1930) 

Mayerson, Hymen S., Ph.D. Tulane University 
School of Medicine, Station 20, New Orleans, La. 
Associate Professor of Physiology. (I, 1928) 
Maynard, Leonard A., Ph.D., Sc.D. Cornell 
University, Ithaca, N. Y. Professor of Nutri- 
tion; Director, School of Nutrition; Member 
National Academy of Sciences. (2, 1930 - 5 
1933) ’ ’ 

Mazur, Abraham, M.A., Ph.D. Medical Research 
Laboratory, Edgewood Ansenal, Md. Captain, 
Sanitary Corps, U, S. Army; Instructor, De- 
partment of Chemistry, City College of New York 
(on leave). (2, 1944) 
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McCann, William S., M.D., D.Sc. (Hon.) USS 
Refuge AH-11, Fleet P.O., New York. Captain 
{MC) USNR. The Charles A. Dewey Professor 
of Medicine, University of Rochester, School of 
Medicine. {On leave.) (2, 1923; 5, 1933) 
McCarrell, June D. Dept, of Phy.siology, Vassar 
College, Poughkeepsie, N. Y. (1, 1942) 
McCawley, Elton Leeman, Ph.D. Yale Medical 
School, New Haven, Conn. Instructor in Pharma- 
cology. (3, 1944) 

McCay, Clive M., M.S., Ph.D. Naval Medical 
Research Institute, Bethesda, Md. Ll. Com- 
mander in Charge of Research in Nutrition. 
(2, 1929;. 5, 1933) 

McChesney, Evan William, Ph.D.* Wintlirop 
Chemical Co., 33 Riverside Ave. Rensselaer, N. 
Y. Research Biochemist. (1, 1944) 

McClellan, Walter S., M.D. Saratoga Spa, 
Saratoga Springs, N. Y. Medical Director; 
Associate Professor of Medicine, Albany Medical 
College. (1, 1931) 

McClendon, J. F., M.S., Ph.D. Route 1, Bo-v 383, 
Trooper Road, Norristown, Pa. Research Pro- 
fessor of Physiology, Hahnemann Medical 
College, fl, 1910; 2, 1914; 5, 1935) 

McClosky, William T., B.A. 5120 7th St., N.W., 
Washington, D. C. Senior Pharmacologist, Div. 
of Pharmacology, Food and Drug Administra- 
tion. (3, 1929) 

McCollum, Elmer Verner, M.A., Ph.D., Sc.D., 
LL.D. Johns Hopkins University, School of 
Hygiene and Public Health, 015 N. Wolfe St., 
Baltimore, Md. Professor of Bioclmnistry; 
Member. National Academy of Sciences. (2, 
1910; 5, 1933) 

McCouch, Grayson Prevost, M.D. University of 
Pennsylvania, Philadelphia. Assistant Profes- 
sor of Physiology. (1, 1925) 

McCrea, Forrest D., Ph.D. Duke University 
School of Medicine, Durham, N. C. Associate 
Professor of Physiology and Pharmacology. 
(1, 1929; 3, 1937) 

McCrudden, F. H., M.D. 501 Bojdston St., 
Boston, Mass. Assistant Medical Director, Ncio 
England Mutual Life Insurance Co. (2, 1906) 
McCullagh, D. Roy, M.Sc. (Man.); Ph.D. (Can- 
tab.), FIC. 150 Northfield Rd., Bedford, 0. 
Vice-President. (2, 1932) 

McCulloch, Warren Sturgis, M.A., M.D. Uni- 
versity of Illinois, College of Medicine, 912 S. 
Wood St.. Chicago. Associate Professor of 
Psijchiatry. (1, 1930) 

McCutcheon, Morton, M.D. University of Penn- 
sylvania Medical School, Philadelphia. Profes- 
sor of Pathology. (4, 1925) 

McDonald, Francis Guy, M.S., Ph.D. Research 
Laboratory, Mead Johnson & Co., Evansville, 
Ind. Research Biochemist. (2, 1930) 


McElroy, L. W. Dept, of Animal Science, Uni- 
versity of Alberta, Edmonton, Canada. Assisi. 
Prof, of Animal Husbandry. (5, 1944) 
McElroy, William D., Ph.D.* NRC Fellow at 
Dept, of Biology, Stanford University, Calif. 
(1, 19-45) 

McEllroy, William Swindler, M.D. School of 
Medicine, University of Pittsburgh, Pittsburgh, 
Pa. Professor of Physiological Chemistry; Dean, 
School of Medicine. (2, 1919) 

McFarland, Ross A.,* Ph.D. Harvard Universitj’’, 
Division of Industrial Research, Graduate School 
of Business Administration, Soldiers Field, 
Boston, Mass. Assistant Professor of Industrial 
Research. (1, 1943) 

McFarlane, William Douglas, Ph.D. Macdonald 
College, (McGill University), Macdonald Col- 
lege, P. Q., Canada. Professor of Chemistry. 
(2, 1933) 

McGinty, Daniel A., M.A., Ph.D. Parke, Davis 
& Co., Detroit, Mich. Research Physiologist. 
(1, 1925) 

McGuigan, Hugh Alister, Ph.D., M.D. 1853 
W. Polk St., Chic.ago, 111. Professor of Pharma- 
eology and Thcrapeuties, College of Medicine, 
University of Illinois. (1, 1907; 2, 1906; 3, 
1913) 

McHargue, J. S., M.S., Ph.D., D.Sc. Department 
of Chemistiy, Kentucky Agricultural E.vperi- 
inent Station, University of Kentucky, Le.xing- 
ton. Emeritus Member. (2, 1927) 

McHenry, E. W., M.A., Ph.D., F.R.S.C. School 
of Hygiene, University of Toronto, Toronto, 
Canada. Assistant Director, Connaught Labo- 
ratories; Associate Professor in Charge of Nutri- 
tion. (2, 193S;5, 1935) 

McIntyre, A. R., Ph.D., M.D. College of Medi- 
cine, University of Nebraska, 42nd and Dewey 
Ave., Omaha. Professor of Physiology and 
Pharmacology. (1, 1933; 3, 1938) 

McKee, Clara M., Squibb Institute for Medical 
Research, New Brunswick, N. J. Assistant in 
Microbiology. (6, 1941) 

McLain, Paul L., M.D. University of Pittsburgh 
Medical School, Pittsburgh, Pa. Assistant 
Professor of Physiology and Pharmacology; 
Major, M.C. (3, 1940) 

McLean, Franklin C., Ph.D., M.D. University 
of Chicago, Chicago, 111. Professor of Patho- 
logical Physiology. (1, 1914; 2, 1916; 3, 1916) 
McLester, James S., M.D., LL.D. University of 
Alabama, 930 S. 20th St., Birmingham. Pro- 
fessor of Medicine. (5, 1933) 

McMaster, Philip D., M.D. The Rockefeller 
Institute for Medical Research, 66th St. and 
York Ave., New York City. (4, 1924) 
McMeekin, Thomas L., Ph.D. Eastern Regional 
Research L.aboratory, U. S. Department of 
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Agriculture, Pliiladclphia, Pa. Senior Chemist. 
(2, 1935) 

McNaught, James Bernard, M.D. University of 
Colorado School of Medicine, Denver 7. Pro- 
fessor of Pathology. (4, 1935) 

McPhail, Murchic Kilburn, Pli.D. Vick Chemical 
Co., Research Labs., 35-22 Linden Place, Flush- 
ing, N. y. {3, 1941) 

McQuarrie, Irvine, Ph.D., M.D. University of 
Minnesota, Minneapolis. Professor and Head 
of Deparimeni of Pediatries. (4, 1927 ; 5, 1933) 
Medes, Grace, Ph.D. Lankenau Hospital Re- 
search Institute, Philadelphia, Pa. Research 
Physiological Chemist. (2, 1930) 

Medlar, Edgar M., M.D. Path. Bldg., Room 708 
Bellevue Hospital, 1st Ave. at 26th St., New 
York, N. Y. Pathologist. (4, 1927) 

Meek, Walter J., Ph.D. University of Wisconsin, 
Madison. Professor of Physiology; Assistant 
Dean of the Medical School. (1, 1908) 

Mellon, Ralph R., M.D., M.Sc., Dr. P.H., Sc.D. 
(hon.). Institute of Pathology, Western Penn- 
sylvania Hospital, Pittsburgh. Director. (6, 
1918) 

Melnxck, Daniel, Ph.D. Food Research Labora- 
tories, Inc., 48-14 33rd St., Long Island City, 
N. Y. Chief Chemist. (2, 1940; 5, 1942) 
Melville, Kenneth Ivan, M.Sc., M.D., C.M. 
McGill University, Montreal, Canada. Assist- 
ant Professor of Pharmacology. (3, 1931) 
Mendenhall, Walter L., S.M., M.D. Boston 
University Medical School, 80 E. Concord St., 
Boston, Mass. Professor of Pharmacology. 
(1, 1915; 3, 1917) 

Mendez, Rafael, M.D. Loyola University School of 
Medicine, 706 S. Wolcott Ave., Chicago, Rl. 
Assistant Professor of Pharmacology.. (3, 1944) 
Menkin, Valy, M.A., M.D. Dept, of Pathology, 
Duke University School of Medicine, Durham, 
N. C. Assistant Professor of Pathology. (1, 1932; 
4. 1932; 6, 1931) 

Menten, Maud L., M.D., Ph.D. University of 
Pittsburgh, Pittsburgh, Pa. Associate Profes- 
sor of Pathology. (1, 1915 ; 4, 1927) 

Mettier, Stacy R., M.D, University of Cali- 
fornia Hospital, San Francisco. Associate Pro- 
fessor of Medicine. (4, 1932) 

Mettier, Fred A., A.M., Ph.D., M.D. Department 
of Neurology, College of Physicians and Sur- 
geons, Columbia University, New York City. 
■ Associate Professor of Anatomy. (1, 1937) 
Meyer, Curtis E., M.S., Ph.D, The Upjohn Co., 
Kalamazoo, Mich. Research Chemist. (2, 1942) 
Meyer, Karl, M.D., Ph.D. 630 W. 168tb St., 
New York City. Associate Professor of Bio- 
chemistry, Dept, of Ophthalmology, College of 
Physicians and Surgeoyts, Columbia University. 
(2, 1934) 


Meyer, Karl F., M.D., Ph.D. Medical Center, 
San Francisco, Calif. Professor of Bacteri- 
ology, University of California. Director of the 
George Williams Hooper Foundation for Medical 
Research. (4, 1930; G, 1922) 

Meyerhof, Otto, M.D., LL.D, Department of 
Physiological Chemistry, University of Penn- 
sylvania .School of Medicine, Philadelphia. 
Research Professor of Biochemistry. (2, 1941) 
Michaclis, Leonor, M.D. Rockefeller Institute 
for Medical Research, 66th St. and York Ave., 
New York City. Member Emeritus. (2, 1929) 
Mickelscn, Olaf, Ph.D. University of Minnesota, 
Department of Physiological Hygiene, Stadium 
South Tower, Minneapolis. Assistant Professor. 
(2, 1944) 

Midcr, George Burroughs, M.D. Strong Memo- 
rial Hospital, Rochester 7, N. Y. (4, 1940) 
Miles, Walter R., A.M., Ph.D. 333 Cedar St., 
New Haven, Conn. Professor of Psychology, 
The School of Medicine and the Institute of 
Human Relations, Yale University; Member of 
the National Academy of Sciences. (1, 1919) 
Milhorat, Ade T., M.D. Cornell University 
Medical College, 1300 York Ave., New York City. 
Assistant Professor of Medicine and Instructor 
in Pharmacology; Research Fellow, Russell Sage 
Instittite of Pathology. (1, 1934 ; 3, 1937; 5, 
1935) 

Miller, Augustus Taylor, Jr., Ph.D.* University of 
North Carolina Medical School, Chapel Hill. 
Associate Professor of Physiology. (1, 1944) 
Miller, Benjamin F., Ch.E., M.D. 60 Gramercy 
Park North, New York 10, N. Y. Major (Sur- 
geon, R), U. S. Public Health Service. Assist- 
ant Professor of Medicine, University of Chicago 
(On leave for duration) . (2, 1938) 

Miller, Carey D., M.S. University of Hawaii, Hono- 
lulu. Professor of Food and Nutrition, Hawaii 
Agricultural Experimental Station. (5, 1942) 
Miller, C. Phillip, M.D,, M.S. University of 
Chicago, Chicago, 111. Professor of Medicine. 
(4, 1925; 6, 1928) 

Miller, Edgar C. L., M.D. ^Library, Medical 
College of Virginia, Richmond. Directing Li- 
brarian. (G, 1913) 

Miller, Edgar G.. Jr., Ph.D. 630 W. 168th St., 
New York City. Professor of Biological Chem- 
istry, Columbia University. (2, 1930) 

Miller, Franklin R., M.D. Jefferson Medical 
College and Hospital, Division of Hematology, 
Philadelphia, Pa. Associate Professor of Medi- 
cine. (4, 1940) 

Milier, Frederick R., AM., M.D., F.R.G.P. (C), 
F.R.S. Faculty of Medicine, University of 
Western Ontario, London, Ont., Canada. Pro- 
fessor of Physiology. (1, 1903) 



350 


FEDERATION PROCEEDINGS 


Miller, G. H., A.M., M.D. American University 
of Beirut, Beirut, Syria. Dean of the College of 
Medicine, (3, 1925) 

Miller, Lloyd C., Ph.D. Research and Biologic 
Laboratory, Winthrop Chemical Co., Rensselaer, 
N. Y. Senior Pharmacologist. (3, 1938) 

Miller, R. C., Ph.D. Pennsylvania State College, 
State College. Assistant Professor Agricultural 
and Biological Chemistry. (5, 1935) 

Miller, Zelma Baker, Ph.D., Naval Medical Re- 
search Institute, National Naval Medical Cen- 
ter, Bethesda, Md. Biochemist. (2, 1940) 
Millikan, Glenn A., Ph.D. Johnson Foundation, 
University of Pennsylvania, Philadelphia. Fel- 
low in Biophysics. (1, 1940) 

Mills, Clarence A., Ph.D., M.D. 228 Woolper 
Ave., Cincinnati, 0. Professor of Experimental 
Medicine, University of Cincinnati. (1, 1921; 
2, 1921) 

Minot, Annie Stone, Ph.D. Vanderbilt Univer- 
sity Medical School, Nashville, Tenn. Re- 
search Associate, Department of Pharmacology. 
(1, 1923) 

Mirsky, Alfred E., Ph.D. The Jewish Hospital, 
Cincinnati 29, 0. (2, 1941) 

Mirsky, I. Arthur, M.Sc., M.D., C.M. The Jewish 
Hospital, Cincinnati, 0. Director, The May 
Institute for Medical Research; Assistant Profes- 
sor of Biochemistry, University of Cincinnati. 
(1, 1936) 

Mitchell, Harold H., M.S., Ph.D. Dept, of Bac- 
teriology, Washington University Medical 
School, St. Louis, Mo. Research Fellow. (6, 
1943) 

Mitchell, Harold H., M.S. 4833 Fountain Ave., 
Los Angeles, Calif. (2, 1919; 5, 1933; 6, 1943) 
Mitchell, Helen S., Ph.D. 699 Forest Rd., New 
Haven 15, Conn. Nutrition Director, American 
Red Cross, Neiv Haven Chapter. (2, 1925; 5, 
1933) 

Mitchell, Philip H., Ph.D. Brown University 
Providence 12, R. I. Robert P. Brown Profes- 
sor of Biology. (2, 1909) 

Modell, Walter, AI.D. Cornell University Medical 
College, 1300 York Ave., New York, N. Y. In- 
structor in Pharmacology. (3, 1944) 

Moe, Gordon Kenneth, Ph.D., M.D. University of 
Michigan, Ann Arbor. Assistant Professor of 
Pharmacology. (3, 1944) 

Molitor, Hans, M.D. 50 Lawrence St., Rahway, 
N. J. Director, Merck Institute for Therapeutic 
Research. (I, 1933 ; 3, 1942) 

Molomut, Norman, M.A., Ph.D. 200 Walnut 
St., Yellow Springs, 0. Assistant Bacteriol- 
ogist, Department of Medicine, Columbia Uni- 
versity (on leave); First Licute7iant, Army of 
U. S. .4 CTO Medical Research. (6, 1942) 


Moon, Virgil H., M.Sc., M.D. Jefferson Medical 
College, Philadelphia, Pa. Professor of Pa- 
thology. (4, 1934) 

Moore, A. R., Ph.D. University of Oregon, 
Eugene. Research Professor of General Physi- 
ology in the Department of Psychology. (1, 1912) 
Moore, Carl Vernon, M.D. Washington Univer- 
sity School of Medicine, St. Louis, Mo. .dsso- 
ciale Professor of Medicine. (4, 1938; 5, 1941) 
Moore, Lane A., Ph.D. University of Maryland, 
College Park. Research Assistant in Dairy 
Husbandry. (5, 1940) 

Moore, Robert A., M.D. Washington University 
Medical School, St. Louis, Mo. Professor of 
Pathology. (4, 1929) 

Moore, Robert M., M.D. 5808 Westminster, St, 
Louis, Mo. Lt. Col., M.C. (I, 1932) 

Moorhouse, Victor Henry K., M.B. University 
of Manitoba, Winnipeg, Canada. Professor of 
Physiology. (1, 1912) 

Morgan, Agnes Fay, M.S., Ph.D. University of 
California, Berkeley. Professor of Home Eco- 
nomics; Biochemist, Agric. Exp. Station; Head, 
Department of Home Economics. (2, 1929; 5, 
1933) 

Morgan, Clifford T., M.A., Ph.D.* Harvard Uni- 
versity, Cambridge, Mass. Faculty Instructor in 
Physiological Psychology. (1, 1943) 

Morgulis, Sergius, A.M., Ph.D. University of 
Nebraska College of Medicine, Omaha. Pro- 
fessor of Biochemistry. (1, 1914; 2, 1916) 
Morison, Robert S., M.D. Rockefeller Founda- 
tion, 60th St. and York Ave., New York City. 
Assisi. Director of the Med. Sciences. (1, 1938) 
Moritz, .Alan R., M.D. Harvard Medical School, 
Boston, Mass. Professor of Legal Medicine. 
(4, 1934), 

Morrell, Clarence Allison, M.A., Ph.D. Depart- 
ment of Pensions and National Health, Labora- 
tory of Hygiene, Susse.v and John Sts., Ottawa, 
Canada. Senior Pharmacologist. (3, 1937) 
Morris, Harold P., M.S., Ph.D. National Cancer 
Institute, Bethesda, Md. Senior Nutrition Chem- 
ist, U. S. Public Health Service. (2, 1944; 5, 
1943) 

Morris, Marion C. Public Health Research Insti- 
tute of City of New York, Foot of East 15th St., 
New York City. (6,1936) 

Morrison, Dempsie B., M.S., Ph.D. University 
of Tennessee College of Medicine, Memphis. 
Associate Professor of Chemistry. (2, 1936)' 
Morrison, James L., Ph.D. Emory University 
School of Medicine, Emory University, Ga. 
Assistant Professor of Pharmacology. (3, 1944) 
Morse, Minerva, M.S., Ph.D. 5525 Kimbark 
Ave., Chicago, 111. Research Associate, Depart- 
ment of Pediatrics, University of Chicago. 
(2, 1934) 
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Morse, Withrow, Ph.D. 32 Manchester Rd., 
Eistcliestcr, via Tuckaboc, N. Y. Consultant. 
(2, 1914) 

Mortimer, Bernard, Ph.D., M.D. 250 N. Ottawa 
St., Joliet, HI. Cook County Hospital, Chicago, 
111. (I, 1930) 

Morton, John J., M.D. Universitj’ of Rochester, 
School of Medicine and Dentistry, Rochester, 
N. Y. Professor of Surgery. (4, 1927) 
Mosenthal, Herman O., M.D. 889 Lexington 
Ave., New York City. Professor of Medicine, 

' New York Post-Graduate Medical School. (2, 

. 1915) 

Moulton, C. Robert, Ph.D. 5712 S. Kenwood 
Ave., Chicago, 111. Editor. (5, 1933) 

Moxon, Alvin L., M.S., Ph.D. College Station, 
Brookings, S. D. Chemist, South Dakota Agri- 
cultural Experiment Station. (2, 1944) 

Moyer, Carl A., Ph.D.* Seymour Hospital, Eloise, 
Mich. Assistant Professor of Surgery. (I, 1943) 
Mudd, Stuart, M.A., M.D. University of Penn- 
sylvania, Philadelphia. Professor of Bacteri- 
ology. (1, 1921; 4, 1927 ; 6, 1927) 

Mnehlberger, Clarence W., M.S., Ph.D. State 
Health Department Laboratories, Lansing, Mich. 
Slate Toxicologist. (3, 1928) 

Mueller, J. Howard, M.S., Ph.D. 2176 Centre St., 
N.Roxbury, Mass. Professor of Bacteriology and 
Immunology, Harvard Medical School. (2, 1922; 
4, 1927; 6, 1920) 

Mukherji, B., M.B., D.So. All-India Institute of 
Hygiene and Public Health, Calcutta. Director, 
Biochemical Standardization Laboratory. (3, 
1938) 

Mulder, Arthur G., Ph.D. University of Ten- 
nessee College of Medicine, Memphis. Asso- 
ciate Professor of Physiology. (1, 1937) 
,Mulinos, M. G., M.D., Ph.D. New York 
Medical College, Flower and Fifth Avenue Hos- 
pitals, Fifth Ave. and 105th St., New York 29, 
N. Y. Associate Professor of Pharmacology. (3, 
1931) 

Mull, James W., Ph.D. Maternity Hospital, 
2065 Adalbert Rd., Cleveland, O. Senior In- 
structor in Biochemistry in charge of Biochemical 
Research in Obstetrics, Western Reserve Uni- 
versity. (2, 1937) 

MulUn, F. J., M.S., Ph.D. University of Chicago, 
Chicago, 111. Assistant Professor of Physiology. 
(1, 1937) 

Munsell, Hazel E. S N. Main St., hlonson. Mass. 
(5, 1933) 

Muntwyler, Edward, Ph.D. Long Island College of 
Medicine, 350 Henry St., Brooklyn, N. Y. Pro- 
fessor of Biochemistry. (2, 1931) 
furlin, JohnR., A.M., Ph.D., Sc.D. University 
of Rochester Medical School, 260 Crittenden 


Blvd., Rochester, N. Y. Professor Emeritus of 
Physiology and Director of Department of Vital 
Economics. (1, 1900; 2, 1908; S, 1933) 

Murphy, James B., M.D. Rockefeller Institute 
for Medical Research, 66th St. and York Ave., 
New York City. Member. (4, prior to 1920) 
Murray, Everitt G. D., O.B.E., B.A. honors in 
Natural Science, M.A., L.M.S.S.A., F.R.S.C. 
McGill University, Montreal, Canada. Profes- 
sor of Bacteriology and Immunology and Head 
of the Department, McGill University; Bacteri- 
ologist-in-Chief to the Royal Victoria Hospital, 
to the Children’s Memorial Hospital and to the 
Alexandra Hospital. (6, 1933) 

Myers, Chester N., Ph.D., Sc.D. 34 Cedar Place, 
Yonkers 5, N. Y. Chief, Division Chemother- 
apy, N. Y. Skin and Cancer Hospital; Asso- 
ciate in Dermatology and Syphilology, College of 
Physicians and Surgeons; Research Chemist, 
Vanderbilt Clinic; Director, Chemical and 
Clinical Research, H. A. Metz Laboratories, 
Inc. (2, 1922) 

Myers, Victor C., M.A., Ph.D., Sc.D. School of 
Medicine, Western Reserve University, Cleve- 
land, 0. Professor and Director of Biochemistry. 
(1, 1916; 2, 1910; 5, 1933) 

Nachmansohn, David, M.D. Dept, of Neurology, 
College of Physicians and Surgeons, Columbia 
University, 630 W. 16Sth St., New York City. 
Research Associate in Neurology. (1, 1940) 
Nadler, J. Ernest, M.D., Med. D.Sc. U. S. Navy 
Recruiting Station, 383 Madison Ave., New' York, 
N. Y. Instructor in Medicine; Lt. Comdr. (M.C.) 
(3, 1940) 

Nahum, Louis N., M.D. 1142 Chapel St., New 
Haven, Conn. Assistant Professor of Physi- 
ology, Yale University. (1, 1934) 

Nash, Thomas P., Jr., M.A., Ph.D. 875 Monroe 
Ave., Memphis, Tenn. Professor of Chemistry, 
College of Medicine; Dean of School of Biological 
Sciences, University of Tennessee. (2, 1923) 
Nasset, Edmund S,, M.S., Ph.D, University of 
Rochester, 260 Crittenden Blvd., Rochester, 
N. ' Y. Associate Professor of Physiology. 
(1, 1932; 5, 1940) 

Nathanson, Ira T., M.S., M.D.* Massachusetts 
General Hospital, Boston. Instructor in Surgery, 
Harvard Medical School; Assistant in Surgery, 
Mass. General Hospital. (1, 1943) 

Nathanson, Morris D., M.D. 658 S. Bonnie Brae 
St., Los Angeles, Calif, Associate Clinical Pro- 
fessor of Medicine, University of Southern Cali- 
fornia School of Medicine. (3, 1940) 

Necheles, Heinrich, M.D., Ph.D. Michael Reese 
Hospital, Chicago, 111. Director, Dept, of 
Gastro-intestinal Physiology, Michael Reese 
Hospital; Professorial Lecturer in Physiology, 
University of Chicago. (I, 1929) 
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Neill, James M., Ph.D. Medical College, Cornell 
University, 1300 York Ave., New York City. 
Professor of Bacteriology and Immunology. 
(6, 1930) 

Nellson, Charles Hugh, A.M., Ph.D., M.D. 
Humboldt Building, St. Louis, Mo. Associate 
Dean and Professor of Medicine, St. Louis 
University Medical School. (2, 1906) 

Nelson, Arthur A., M.D., Ph.D. Food and Drug 
Administration , Federal Security Agency, Wash- 
ington, D. C. Senior Pathologist, Division of 
Pharmacology. (4, 1942) 

Nelson, Carl Ferdinand, M.D., Ph.D. Depart- 
ment of Biochemistry, University of Kansas, 
Lawrence. Professor of Physiological Chemis- 
try. (2, 1914) 

Nelson, Carl T., A.M., D.M.D., M.D. 4th Service 
Command Laboratory, Ft. McPherson, Ga. 
Captain, M. C., A. U. S. (6, 1943) 

Nelson, Erwin E., Ph.D., M.D. The Wellcome 
Research Laboratories, Tuckahoe, N.Y. Director. 
(1, 1923; 3, 1924) 

Nelson, E. M., M.S., Ph.D. Food and Drug 
Administration, Federal Security Agency, Wash- 
ington 25, D. C. Chief, Vitamin Division. (2, 
1927; 5, 1933) 

Nelson, John B., Ph.D. Rockefeller Institute for 
Medical Research, Princeton, N. J. Associate 
Member. (4, 1934) 

Nelson, John M., Ph.D, Columbia University, 
New York City. Professor of Organic Chem- 
istry. (2, 1923) 

Nelson, P. Mabel, M.S., Ph.D. Iowa State 
College, Ames. Dean, Division of Home Econom- 
ics. (5, 1934) 

Nelson, Tell, M.A., M.D. 5434 Lakewood Ave., 
Chicago, 111. (G, 1938) 

Nelson, Victor E., M.S. Iowa State College, 
Ames. Professor of Physiological Chemistry. 
(2, 1924) 

Nelson, Warren O., M.S., Ph.D. Dept, of Anat- 
omy, School of Medicine, Univ. of Iowa, Iowa 
City. Professor of Anatomy. (1, 1937) 

Neter, Erwin, M.D. Children’s Hospittjl, 219 
Bryant St., Buffalo, N. Y. Attending Bacteriolo- 
gist. (6, 1937) 

Nettleship, Anderson, M.D. Fort Wayne Medical 
Laboratory, 347 W. Berry St., Fort Wayne, Ind. 
Director. (4, 1942) 

Neuberg, Carl, Ph.D., M.D. (h.c.),Med. Chem.D. 
(h.c.), Biol. D. (h.c.), Dr. Eng. (h.c.), LL.D. 
905 Westend Ave., New York City. Research 
Professor, New York University; Member or hon. 
member of the Academies of Science of Copen- 
hagen, Gottingen, Leningrad, Lisbon, Lund, Prag, 
Rome and Upsala. (2, 1944) 

Neumann, Charles, M.D.* 2 Schuyler St., New 
Rochelle, N.Y. First Assist. Resident Surgeon, 
Nets York Hospital; Assist, in Surgery, Cornell 
Univ. Med. College. (1, 1944) 


Neurath, Hans, Ph.D. School of Medicine, Duke 
University, Durham, N. C. Associate Professor 
of Biochemistry. (2, 1940; 6, 1944) 

Neuwelt, Frank, M.D. 504 Broadway, Gary, 
Ind. Research Associate, Department of Gastro- 
intestinal Research, Michael Reese Hospital. 
(1, 1940) 

Neuwirth, Isaac, Ph.D. 209 E. 23rd St., New 
York City. Associate Professor of Pharma- 
cology and Therapeutics, New York University 
College of Dentistry. (2, 1924; 3, 1931) 

Nice, Leonard B., Ph.D. Chicago Medical School, 
710 S. Wolcott Ave., Chicago, III. Professor of 
Physiology and Pharmacology. (1, 1921) 
Nicholas, John S., M.S., Ph.D. Osborn Zoological 
Labomtor}’^, Yale University, New Haven, Conn. 
Bronson Professor of Comparative Anatomy. 
(1, 1927) 

Nicholson, Hayden C., M.S., M.D. 14 N. Roose- 
velt St., Falls Church, l"a. Major, A. U. S. 
(1, 1932) 

Nickerson, John L., Ph.D.* Columbia Uni- 
versity, 630 W. 16Sth St., New York 32, N. Y. 
Assistant Professor of Physiology. (I, 1945) 
Nicolet, Ben H., Ph.D. Bureau of Dairy In- 
dustry, U. S. Department of Agriculture, Belts- 
ville, Md. Senior Chemist. (2, 1932) • 

Nicoll, Paul A., Ph.D.* Indiana University, 
Bloomington. Assistant Professor of Physi- 
ology. (1, 1945) 

Niemann, Carl G., Ph.D. California Institute of 
Technology, Pasadena 4, Calif. Associate Pro- 
fessor, Organic Chemistry, ■ (2, 1940) 

Nigg, Clara, M.A., Ph.D. c/o E. R. Squibb & Sons, _ 
New Brunswick, N. J. (6, 1929) 

Nims, Leslie F,, M.A., Ph.D. Yale University 
School of Medicine, 333 Cedar St., New Haven, 
Conn. Assistant Professor of Physiology. (1, 

1940) 

Noble, Robert Laing, M.D., Ph.D. Research 
Institute of Endocrinology, McGill University, 
Montreal, Canada. Research Assistant. (1, 

1941) 

Nord, F. F., Ph.D. Fordham University, Dept, of 
Organic Chemistry, New York City: Professor of 
Chemistry. (2, 1940) 

Norris, Earl R., Ph.D. University of Washington, 
Seattle. Professor of Chemistry. (2, 1938) 
Norris, L. C., Ph.D. "Rice Hall, Cornell Univer- 
sity, Ithaca, N. Y. Professor of Nutrition; 
Secretary, School of Nutrition. (2, 1939 ; 5, 1934) 
Northrop, J. H., M.A., Ph.D., Sc.D., LL.D. 
Rockefeller Institute for Medical Research, 
Princeton, N. J. Member. (2, 1938) \ . 

Northup, David W., M.A., Ph.D. West Virginia 
University Medical School, Morgantown. Asso- 
ciate Professor of Physiology- (1> 1936) 

Novy, F. G., M.D., Sc.D., LL.D. 721 Forest 
Ave., Ann Arbor, Mich. Dean Emeritus of the 
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Medical School ami Professor Emeritus of Bac- 
teriology, Vnirersity of Michigan; Member, 
Kalional Academy of Sciences. (2, 1900) 

Nye, Robert N., I^I.D. Boston City Hospital, Bos- 
ton, Mass. Editor, Nciv England Journal of 
Medicine. (G, 1923) 

Oberst, Fred W., M.S., Ph.D. The Win. S. Merrcll 
Co., Lockland Station, Cincinnati, 0. Chief, 
Division of Biochemistry. (2, 193C) 

Ochoa, Severe, M.D. Department of Chemistry, 
Xevs' York University College of Medicine, New 
York City 10. Bcsearch Associate in Medicine. 
(2, 1942)' 

Ogden, Eric, M.R.C.S. (England), L.R.C.P. 
(London). University of Texas School of Medi- 
cine, Galveston. Professor of Physiology and 
Clinical Physiologist, John Scaly Hospital. 
(1. 1941) 

O’Hare, James P., M.D. 520 Commonwealth 
Ave., Boston, Mass. Physician, Peter Bent 
Brigham Hospital; Assistant Professor of 
Medicine, Harvard Medical School. (4, 1927) 
Ohlson, Margaret A., M.S., Ph.D. Dept, of 
Foods and Nutrition, Michigan State College, 
East Lansing. Professor and Head, Department 
of Foods and Nutrition. (5, 1945) 

Okey, Ruth, Ph.D. 1583 Life Sciences Bldg., 
University of California, Berkeley. Professor of 
Home Economics and Biochemist, State Exp. 
Station. (2, 1922; 5, 1933) 

Okott, Harold S., JiI.S., Ph.D. Western Regional 
Research Laboratory, U. S. Department of 
Agriculture, Albany 6, Calif. Senior Chemist. 
(2, 1935) 

Olitsky, Peter K., M.D. Rockefeller Institute 
for Medical Research, 66th St. and York Ave., 
New York City. Member. (4, 1923; G, 1917) 
Oliver, Jean Redman, M.D. Hoagland Labora- 
tory, 335 Henrj' St., Brooklyn, N. Y. Professor 
of Pathology, Long Island College of Medicine. 
(1, 1924 ; 4, 1924) 

Oliver, Wade W., M.D. Hoagland Laboratory, 
335 Henry St., Brooklyn, N. N. Professor of 
Bacteriology, Long Island College of Medicine. 
(4, 1925) , 

Olmsted, J. M. D., M.A., Ph.D. University of 
California, Berkeley. Professor of Physiology, 
(1, 1920) 

Olson, Carl, Jr., D.V.M., Ph.D. Massachusetts 
State College, Amherst. Research Professor of 
Veterinary Science. (4, 1937) 

Opdyke, David F., Ph.D.* Western Reserve 
Medic.al School, Cleveland 6, 0. Senior In- 
structor in Physiology. (1, 1945) 

Ople, Eugene L., M.D., SciD., LL.D. Rockefeller 
Institute for Medical Research, 66th St. and 
York Ave., York 21, X. Y. il/em5cr, Na~ 
‘tonal Academy of Sciences. (1, 1906 ; 4, 1913; 
G, 1923) 


Oppenheimer, Enid Tribe, 124 E. Cist St., New 
York City. ' Instructor in Physiology, Columbia 
University. (1, 1932) 

Oppenheimer, Ernst, M.D. Ciba Pharmaceutical 
Products, Inc., Lafayette Park, Summit, N. J. 
Vice-President in charge of Medical Research. 
(3, 1944) 

Oppenheimer, Morton Joseph, Ed.M., M.D. 
3400 N. Broad St., Philadelphia, Pa. Associate 
Professor of Physiology, Temple University 
School of Medicine. (1, 1942) 

Orent-Keilcs, Elsa, D.Sc. Bureau of Human Nu- 
trition and Home Economics, U. S. Department 
of Agriculture, Beltsville, Md. In Charge of 
Nutrition Investigations; Assistant Chief, Foods 
and Nutrition Division. (2, 1935; 5, 1935) 

Ort, John M., Ph.D. 356 Raymond St., Rockville 
Centre, Long Island, N. Y. ; American Pharma- 
ceutical Company, New York City. Director of 
Laboratories. (2, 1932) 

Orten, James M., M.S., Ph.D. Wayne University 
College of Medicine, Detroit, Mich. Associate 
Professor of Physiological Chemistry. (2, 1936; 
5, 1937) 

Orth, O. Sidney, M.S., Ph.D., M.D. University 
of Wisconsin Medical School, Madison. Associate 
Professor of Pharmacology. (1, 1942; 3, 1944) 
Osborne, Stafford L., B.P.E., M.S., Ph.D. 
Northwestern University Medical School, 303 
E. Chicago .\ve., Chicago, 111. Associate Pro- 
fessor of Physical Therapy. (1, 1941) 

Oser, Bernard L., M.S., Ph.D. Food Research 
Laboratories, Inc., 48-14 Thirty-third St., Long 
Island City 1, N. Y. Director. (5, 1945) 
Oster, Robert H., Ph.D. University of Maryland 
Medical School, Greene and Lombard Sts., 
Baltimore. Assistant Professor of Physiology. 
(1, 1938) 

Osterberg, Arnold E.. M.S., Ph.D. Mayo Clinic, 
Rochester, Minn. Head, Clinical Biochemistry; 
Professor, Mayo Foundation. (2, 1933) 
Osterhout, Marian I. Rockefeller Institute for 
Medical Research, 66th St. and York Ave., New 
York City 21. xUsociate, Division of General 
Physiology. (1, 1927) 

Osterhout, W. J. V., Ph.D. Rockefeller Institute, 
66th St. and York Ave., New York City. Mem- 
ber Emeritus of the Institute; Member of the 
National Academy of Sciences. (1, 1910) 

Owen, Seward E., M.S., Ph.D. 418 So. 20th Ave., 
Maywood, HI. Major, S. E. Sn. Corps. (1, 1938) 
Pace, Donald M., Ph.D.* Dept, of Physiology and 
Phannacology, (>>llege of Pharmacy, University 
of Nebraska, Lincoln. Associate Professor of 
Physiology. (1, 1944) 

Pack, George T., M.D. 139 E. 36th St., New 
Aork City 16. Fellow in Cancer Research, Me- 
morial Hospital. (1, 1924) 

Packchanian, Ardzroony, Ph.D. School of Medicine, 
Univereity of Te.\-as, Galveston. Associate Pro- 
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fessor of Bacteriology and Tropical Medicine. 
(6, 1943) 

Page, Irvine H., M.D. Cleveland Clinic Founda- 
tion, Euclid Ave. and 93rd St., Cleveland 6, 
0. Director of Research Division. (1, 1937; 
2, 1932) 

Painter, Elizabeth E., Ph.D. Loj'ola Univ. 
School of Medicine, 706 S. Wolcott, Chicago 12, 
111. Assistant Professor of Physiology. (1, 1941) 
P’An, S. Y., M.D. Peiping Union Medical Col- 
lege, Peiping, China. Assistant in Pharma- 
cology. (3, 1941) 

Pangborn, Mary C., Ph.D. 20 Morris St., Albany, 
N. Y. Senior Biochemist, New York State 
Department of Health, Division of Laboratories 
and Research. (2, 1941) 

Pappenheimer, Alwin M., Jr., Ph.D. 19th Medical 
General Laboratory, APO 5467, c/o Postmaster, 
San Francisco, Calif. Major, Sn.C., A US. (2, 
1941 ; 6, 1938) , 

Pappenheimer, Ahvin M., M.D. 5 Acacia St., 
Cambridge, Mass. Professor Emeritus of Path- 
ology, Columbia University. (4, 1922) 

Park, Edwards A., M.D. Johns Hopkins Hospital, 
Baltimore, Md. Professor of Pediatrics, Johns 
Hopkins University. (4, 1923) 

Parker, George Howard, Sc.D. 16 Berkeley St., 
Cambridge, Mass. Professor of Zoology Emeri- 
tus, Harvard University; Member of the National 
Academy of Sciences. (1, 1900) 

Parker, Robert F., M.D. Lakeside Hospital, 
2065 Adelbert Rd,, Cleveland, 0. Associate 
Professor of Medicine. (4, 1942; G, 1935) 
Parkins, 'William M., M.A., Ph.D. School of 
Medicine, University of Pennsylvania, Phila- 
delphia. Research Associate, Harrison Depart- 
ment of Surgical Research. (1, 1939) 

Parpart, Arthur K., Ph.D. Guyot Hall, Princeton 
University, Princeton, N. J. Associate Profes- 
sor of Physiology. (1, 1937) 

Parr, Leland W., Ph.D. Thb George Washington 
University School of Medicine, 1335 H St., N.W. 
Washington, D. C. Professor of Bacteriology. 
(4, 1940) 

Parsons, Helen T., M.S., Ph.D. University of 
Wisconsin, Madison. Professor of Home Econom- 
ics; In Charge of Purnell Research in Nutrition. 
(2, 1929; 5, 1933) 

Parsons, Robert J., M.D. University of Michi- 
gan, Ann Arbor. Assistant Professor of Path- 
ology. (4, 1939) 

Paschkis, Karl E., M.D. 1025 Walnut St., Phila- 
delphia, Pa. Chief of Clinic, Endocrine Clinic, 
Associate in Physiology, Associate in Medicine, 
Jefferson Medical College and Hospital, (l, 
1942) 

Patterson, Thos. L., A.M., M.S., Ph.D., Sc.D. 
(hon.) Wayne University College of ^Medicine, 


1512 St. Antoine St., Detroit, Mich. Research 
Professor of Physiology. (1, 1920) 

Paul, John R., M.D., A.M. 330 Cedar St,, New 
Haven, Conn. Professor of Preventive Medicine, 
Yale University Medical School. (4, 1927; 6, 
1937) 

Pearce, John Musser, M.D. Long Island College 
of Medicine, Hoagland Laboratory, 335 Henry 
St., Brooklyn, N. Y. Associate Professor of 
Pathology. (4, 1942) 

Pearce, Louise, M.D. Rockefeller Institute for 
Medical Research, Princeton, N. J, Associate 
Member in Pathology and Bacteriology. (3, 
1915; 4, 1925) 

Pearcy, J. Frank, Ph.D., M.D. 471 Park Ave., 
New York City. (1, 1928) 

Pearse, Herman E., M.D. School of Medicine 
and Dentistry, University of Rochester, Crit- 
tenden Blvd., Rochester, N. Y. Associate 
Professor of Surgery. (4, 1932) 

Pearson, Paul B., Ph.D. A «fc M College of Te.xas, 
College Station. Professor of Nutrition; Ntdri- 
tionist. Agricultural Experiment Station. (2, 
1944 ; 5, 1940) 

Pease, Marshall C., Jr., M.D. Branchville Rd., 
R.F.D. 4, Ridgefield, Conn. (6, 1920) 
Pemberton, Ralph, M.S., M.D. University of 
Pennsylvania, Philadelphia. Professor of Medi- 
cine, Graduate School of Medicine. (5, 1933) 
Penfield, Wilder G,, M.D., D.Sc. McGill Uni- 
versity, Montreal, Que., Canada. Professor of 
Neurology and Neurosurgery. (1, 1932) 
Pennington, Mary Engle, Ph.D. 233 Broadway, 
New York 7, N. Y. Consultant in Connection 
with the Handling, Transportation and Storage 
of Perishables. (2, 1908) 

Peoples, S. Anderson, M.D. Baylor University 
College of Medicine, Houston, Texas. Professor 
of Pharmacology. (3, 1937) 

Perlman, Ely, hl.D. The Hospital of the Rocke- 
feller Institute for Medical Research’ 66th St. 
& York Ave., Ne^v York. Research Fellow. 
(6, 1944) 

Perlzweig, William A., A.M., Ph.D. Box 3711, 
Duke Hospital, Durham, N. C. Professor of 
Biochemistry, Duke University; Biochemist, 
Duke Hospital. (2, 1924; 5, 1944) 

Permar, Howard H., M.D. Pathologic Labora- 
tories, Mercy Hospital, Pittsburgh, Pa. Direc- 
tor of Laboratories. (4, 1925) 

Peters, John P., M.D. 123 Marvel Road, New 
Haven 15, Conn. Sterling Professor of Medicine, 
Yale University . (2, 1922) 

Petersen, William F., M.D. 1322 Astor St., 
Chicago, 111. Professor of Pathology, University 
of Illinois. (3, 1923; 4, 1923) 

Peterson, William H., A.M., Ph.D. Biochemistry 
Building, University of Wisconsin, Madison. 
Professor of Biochemistry. (2, 1919; 5, 1936) 
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PelrolT, S. A., Ph.D., So.D. Sea View Hospital, 
West New Brigliton, Staton Island, N. Y. 
Direclor , of Baclcriology and Immunology 
(G, 192G) 

Pett, L. B., M.D., Ph.D. Department of National 
Health and AVelfarc, Ottawa, Canada. Director 
of Nutrition. (2, 1937; 5, 1945) 

Pengnet, Hwhert B., M.D. AAF School of A'via- 
tion Medicine, Randolph Field, Te.vas. (1, 
1938) 

Pfeiffer, Carl C., Ph.D., M.D. Department of 
Phamiacologj', University of Illinois, 1853 West 
Polk St., Chicago 12. Professor of Pharmacol- 
ogy. (3, 1938) 

Pfiffner, Joseph J., Ph.D. Research Laboratories, 
Parke, Davis & Co., Detroit 32, Mich. Research 
Chemist. (1, 1931; 2, 1931) 

Phatak, Nilkanth M., M.S., Ph.D. North Pacific 
College of Oregon, School of Dentistrj', Portland. 
Associate Professor of Physiology, Pharmacology, 
and Research; and Instructor, Dept, of Phar- 
macology, University of Oregon Medical School, 
Portland. Captain, Sn. C. (3, 1941) 

Phillips, Paul H., Ph.D. University of AVisconsin, 
Madison. Professor of Biochemistry. (2, 1940; 
5, 1938) 

Phillips, Robert Allan, M.D. Rockefeller Insti- 
tute for Medical Research, New York City. 
Fellow. ( 1 , 1938) 

Pick, Ernst Peter, M.D. 19 E, 98th St., New York 
City. Associate Pharmacologist to the Mt, 
Sinai Hospital; Clinical Professor of Pharma- 
cology in Columbia University. (3, 1940) 

Pierce, Harold B., M.S., Ph.D. College of Medi- 
cine, University of Vermont, Burlington. Pro- 
fessor and Head of Physiological Chemistry. 
(2, 1929; 5, 1933) 

Pierce, Harold Fisher, Ph.D., M.D. Veterans 
Administration Hospital, Newington, Conn. 
Major, M.C. (1, 1928) 

Pierce, Ira H., M.S., Ph.D. Univ. of Iowa, Iowa 
City. Associate Professor of Pharmacology. 
(3, 1933)' 

Pike, Frank H., Ph.D. 437 AV. 59th St., New 
York City 19. Associate Professor of Physiol- 
ogy, Columbia University. (1, 1907) 

Pilcher, J. Douglas, M.D. City Hospital, Scran- 
ton Road, Cleveland, 0. Associate Professor of 
Pediatries, Wehern Reserve Medical School, 
(1. 1912; 3, 1911) 

PiUemer, Louis, Ph.D. Inst, of Pathology, AA''est- 
ern Reserve Univ., Cleveland, 0. (G, 1942) 

Pincus, Gregory, M.S., Sc.D. Clark University, 
AVorcester, Mass. Visiting Professor of Experi- 
mental Zoology. ( 1 , 1935 ) 

Pinkerton, Henry, M.D. St. Louis University 
School of Medicine, St. Louis, Mo. Professor of 
, Pathology. ( 4 , 1931 ) 


Pinkston, James O., Ph.D. 6G27 Heartwood Dr., 
Oakland, Calif. Professor of Pharmacology, 
School of Mcdicitic, American University of 
Beirut. (I, 193G; 3, 1939) 

Pinson, Ernest A., Ph.D.* Biophysics Branch, 
Aeromcdical Laboratory, AA^ight Field, Dayton, 
O. Major, Air Corps. (I, 1943) 

Pittman, Martha S., A.M., Ph.D. Kansas State 
College, Manliattan. Head of Department of 
Food Economics and Nutrition. (5, 1933) 

Pitts, Robert F., Ph.D., M.D. Cornell Medical 
Center, 1300 York Ave., New York City. Asso- 
ciate Professor of Physiology. ( 1 , 1934) 

Plass, Everett D., M.D. University Hospital, 
Iowa City, Iowa. Professor and Head of De- 
partment of Obstetrics and Gynecology, Slate 
University of Iowa. (2, 1922) 

Plotz, Harry, M.D. Army Medical Center, Army 
Medical School, Washington, D. C. Colonel, Chief 
of the Division of Virus and Rickettsial Diseases; 
Chief of Service, Pasteur Institute, Paris, France. 
(G, 1917) 

PoWman, Augustus G., M.D. 4056 Farmouth Dr., 
Los Angeles, Calif. Associate Clinical Professor, 
Department of Otolaryngology, University of 
Southern California School of Medicine. (1, 
1934) 

Pollack, Herbert, Ph.D., M.D. 598 Madison Ave., 
New York City 22. Assocfalc in Medicine and 
Physician in Charge of Metabolism Clinics, Mt. 
Sinai Hospital. ( 1 , 1933; 5, 1935) 

Pomerat, Charles Marc, Ph.D.* University of 
Te.xas Medical School, Galveston. Professor of 
Anatomy. (1, 1944) 

Pond, Samuel E., A.M., Ph.D. 400'S. Main St., 
East Hartford, Conn. Consulting Engineer, P. 
and W. A. Division, United Aircraft Corp. ( 1 , 
1924) 

Ponder, Eric, M.D., Sc.D. The Nassau Hospital, 
Mineola, Long Island, N. Y. ( 1 , 1931) 

Popper, Hans, Ph.D,, M.D. University of Illinois 
College of Medicine, 1825 AA^. Harrison St., 
Chicago. Director of Laboratories and of the Hek- 
toen Institute for Medical Research of Cook 
County Hospital. (4, 1942) 

Porter, Eugene L., A.M., Ph.D. University of 
Texas, Medical Branch, Galveston. Professor of 
Physiology. (1, 1913) 

Porter, Thelma, University' of Chicago, Chicago, 
HI. Prof, and Head of Department of Home 
Economics. (3, 1944) 

Porter, William Townsend, M.D., Sc.D., LL.D. 
Dover, Mass. Professor Emeritus of Compara- 
tive Physiology, Harvard University. (I, 1891) 
Potter, Truman S., M.D. Dartmouth Medical 
School, Hanover, N. H. (6, 1939) 

Potter, Van Rensselaer, AI.S., Ph.D. McArdle 
Memorial Laboratory, University' of AA^‘ 
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Richter, Curt P., Ph.D. Phipps Psychiatric 
Clinic, The Johns Hopkins Hospital, Baltimore, 
Md. Associate Professor of Psycho-hiology, 
Johns Hopkins University. (I, 1924) 

Richter, Maurice N., M.D. 303 E. 20th St., 
New York City. Professor of Pathology, Col- 
nmbia University, New York Post-Graduate 
Medical School; Director, Department of Path- 
ology, New York Post-Graduate Medical School 
and Hospital. (4, 1931) 

Ricketts, Henry T., M.D. Dept, of Medicine, 
University of Chicago, Chicago, 111. Associate 
Professor of Medicine. (1, 1940) 

Riddle, Oscar, Ph.D. Cold Spring Harbor, L. I., 
N. y. Visiting Professor from the U. S. (in 
South America); Member of the National Acad- 
emy of Sciences. (1, 1919) 

Riegel, Byron, A.M., Ph.D. Department of 
Chemistry, Northwestern University, Evanston, 
111. Associate Professor. (2, 1942) 

Riegel, Cecilia, M.S., Ph.D. Room 563, Uni- 
versity Hospital, Philadelphia, Pa. Research 
Associate, Department of Research Surgery, 
University of Pennsylvania School of Medicine. 
(2, 1938) 

Ries, Ferd A., M.D. 825 E. 41st St., Baltimore, 
Md. Instructor in Neurology, Johns Hopkins 
University. (1, 1933) 

Rigdon, R. H., M.D. Univ. of Arkansas School 
of Medicine, Little Rock. Professor of Path- 
ology. (4, 1941) 

Riggs, Lloyd K., Ph.D. % Kraft Cheese Co., 
500 Peshtigo Court, Chicago, 111. Director of 
Research. (2, 1929) 

Rinehart, James F., M.D. University of Cali- 
fornia Medical School, Parnassus and Third 
Aves., San Francisco. Professor of Pathology. 
(4, 1933) 

Ring, Gordon C., M.A., Ph.D. Physiology Dept., 
Ohio State Univ., Columbus. (1, 1933) 

Rioch, David McKenzie, M.D. Chestnut Lodge 
Sanitarium, 500 W. Montgomery Ave., Rock- 
ville, Md. Director of Research. (1, 1931) 
Rittenberg, David, Ph.D. 630 W. 168th St., 
New York City. Assistant Professor, College of 
Physicians and Surgeons, Columbia University. 
(2, 1939) 

Ritzman, E. G., A.M., Science (hon.). Univer- 
sitj' of New Hampshire, Durham. Research 
Professor. (5, 1933) 

Rivers, T. M., M.D., Sc.D. The Hospital of the 
Rockefeller Institute for Medical Research, 
66th St. and York Ave., New York City. Direc- 
tor of the Hospital; Member of the National 
Academy of Sciences. (4, 1925; 6, 1921) 

Robb, Jane Sands, Sc.D., M.D. College of Medi- 
cine, Syracuse University, 761 Irving Ave., 
S 3 'racuse, N. Y. Associate Professor of Phar- 
macology. (1. 1924) 


Robbins, Benjamin Howard, M.S., M.D. Vande 
bilt Univ. School of Medicine, Nashville, Ten: 
Associate Professor of Pharmacology. (3, 193( 

Roberts, Edward F., M.D., Ph.D. Fourth Servic 
Command, Medical Laboratory, Fort McPhersoi 
Ga. (G, 1932) 

Roberts, Lydia J,, Ph.D. University of Chicag 
Chicago, 111. Professor and Chairman of Di 
parlment of Home Economics. (5, 1933) 

Robertson, Elizabeth Chant, M.D., M.A., Ph.I 
University of Toronto, Toronto, Canada. Ri 
search Fellow in Paediatrics. (5, 1939) 

Robertson, Oswald H., M.D. University ( 
Chicago, Chicago, HI. Professor of Medicini 
(4, 1932) 

Robinson, Charles Summers, Ph.D, Media 
School, Vanderbilt University, Nashville, Teni 
Professor of Biochemistry. (2, 1925) 

Robinson, Elliott S., M.D., Ph.D. 3034 S 
Buchanan St., Arlington, Va. Lt. Col., M.C. (< 
1935) 

Robinson, G. Canby, M.D., Sc.D., LL.D. Johr 
Hopkins Hospital, Baltimore, Md. Lecturer i 
Medicine, Johns Hopkins University. (1, 1912 
3, 1921) 

Robinson, George Henry, Ph.D. 320 E. Nort 
Ave., N. S., Pittsburgh, Pa. Bacleriologisi 
Wm. H. Singer Research Laboratory and AlU 
gheny General Hospital; Lecturer in Bacteriologi 
University of Pittsburgh School of Medicim 
(4, 1930) 

Robinson, Howard W., M.S., Ph.D. Broad am 
Ontario Sts., Philadelphia, Pa. Professor g 
Physiological Chemistry, Temple Universit. 
School of Medicine. (2, 1929) 

Robinson, Sid, Ph.D. Indiana University Medica 
School, Bloomington. Associate Professor p 
Physiology. (1, 1941) 

Robscheit-Robbins, F. S., Ph.D. University o 
Rochester School of Medicine and Dentistry 
Rochester, N. Y. Associate in Pathology. (1 
1925; 4, 1930) 

Rodbard, Simon, Ph.D. Cardiovascular Dept. 
Michael Reese Hospital, 29th and Ellis Aves. 
Chicago, 111. (1, 1942) 

Roe, Joseph Hyram, M.A., Ph.D. George Wash 
ington University School of Medicine, Wash' 
ington, D. C. Professor of Biochemistry 
(2, '1927; 5, 1933) 

'Roeder, Kenneth D., M.A. Tufts College, Med- 
ford, Mass. Associate Professor of Biology. 
(1, 1942) 

Roepke, Martin Henry, Ph.D. University Farm, 
St. Paul, Minn. Professor, Veterinary Medi- 
cine. (3, 1937) 

Rogers, Charles G., A.M., Ph.D., Sc.D. Oberlin 
College, Oberlin, 0. Professor of Comparative 
Physiology. (1, 1911) 



ALPHABETICAL LIST OF ALL MEMBERS OF THE SIX SOCIETIES 


359 


Rogers, Fred T.. A.M., Ph.D., M.D. Dallas 
Medical and Surgical Clinic, 4105 Live Oak St., 
Dallas 1, Texas. (I, 1917) 

RogofT, Julius M., Ph.G., M.D., Sc.D. School of 
Medicine, University of Pittsburgh, Pittsburgh, 
Pa. Professor of Endocrinology. (I, 1916; 
3, 1916) 

Ronzoni, Ethel, M.A., Ph.D. Washington Uni- 
versity Medical School, St. Louis 4, Mo. Assist- 
ant Professor of Biological Chemistry. (2, 1923) 
Root, Howard F., M.D. 44 Dwight St., Brookline, 
Mass. Instmclor in Medicine, Harvard Medical 
School. (5, 1933) 

Root, Walter S., Ph.D. College of Physicians and 
Surgeons, Columbia University, 630 W. 16Sth 
St., New York City. Associate Professor of 
Physiology. (I, 1932) 

Rosahn, Paul D., M.D. 92 Grand St., New Britain, 
Conn. Pathologist, New Britain General Hos- 
pital; Assistant Clinical Professor of Pathology, 
Yale University School of Medicine, New Haven. 
(4, 1934) 

Rose, Anton Richard, M.S., Ph.D. Box 176, 
Edgewater, N. J. Biochemist, Prudential In- 
surance Company of America. (2, 1916; 5, 1933) 
Rose, William C., Ph.D. University of Illinois, 
Urbana. Professor of Biochemistry and Acting 
Head of the Chemistry Department; Member, 
National Academy of Sciences. (2, 1912; S, 
1933) 

Rosenblueth, Arturo, M.D. Instituto Nacional de 
Cardiologia, Calzada de la Piedad 300, Mexico 
D.F., Mexico. (1, 1932) 

Rosenfeld, Morris, M.D. Johns Hopkins School 
of Medicine, Baltimore, Md. Associate in 
Pharmacology and Experimental Therapeutics. 
Captain, M.C. (3, 1934) 

Rosenow, Edward C., M.D., hon. LL.D. and D.Sc. 
jNIayo Clinic, Rochester, hRnn. (4, 1913; 6, 
1915) 

Rosenthal, Sanford M., M.D. National Institute 
of Health, Washington, D. C. Senior Phar- 
macologist, U. S. Public Health Service. (3, 
1925) 

Rosenthal, S. R., M.D., Ph.D. University of 
Rlinois College of Medicine, Chicago. As- 
sistant Professor of Bacteriology and Public 
Health in Dept, of Pathology and Bacteriology; 
Director, Tice Laboratory for S. C. G. Vaccina- 
tion against Tuberculosis, Municipal Tubercu- 
losis Sanatorium. (4,1941) 

Ross, Joseph F., M.D. The Robert Dawson Evans 
Memorial, 65 E. Newton St., Boston, Mass. 
Member of the Department; Physician, Massa- 
chusetts Memorial Hospital; Assistant Professor 
of Medicine, Boston University School of Medi- 
cine; Welch Fellow of Internal Medicine of the 
Division of Medical Sciences of the National 
Bcscarch Council. (4, 1941) 


Ross, William F., Ph.D. Shell Oil Company, 
P. 0. Box 711, Martinez, Calif. Chief Research 
Chemist. (2, 1940) 

Roth, George B., M.D. George Washington Univ. 
3814 Tea St., N.W., Washington 7, D. C. Emeri- 
tus Professor of Pharmacology. (1, 1914;3, 1911) 
Roth, Grace M,, M.S., Ph.D. Mayo Clinic, 
Rochester, Minn. Associate in Clinical Physi- 
ology. (1, 1939) 

Roth, Paul, M.D. Battle Creek Sanitarium, 
Battle Creek, Mich. Director of Physical 
Therapy. (1, 1929 ; 5, 1933) 

Rothemund, Paul W. K., Dipl.-Ing,, Dr.-Ing. 
(Munich). Antioch College, Yellow Springs, 
O. Associate Professor of Biochemistry, and 
Research Chemist, The C. F. Kettering Founda- 
tion, Antioch College; Associate Professor 
(Non-resident), Department of Chemistry, Ohio 
State University. (2, 1940) 

Rous, Peyton, M.D., Sc.D. Rockefeller Institute 
for Medical Research, York Ave. at 66th St., 
New York City. Member; Member of the Na- 
tional Academy of Sciences. (4, 1913) 

Routh, Joseph I., M.S., Ph.D. Chemistry De- 
partment, State University of Iowa, Iowa City. 
Assistant Professor of Biochemistry. (2, 1942) 
Bovenstine, Emery Andrew, M.D. 477 First Ave., 
New York, N. Y. Professor of Anesthesia, New 
York University; Director, Division of Anes- 
thesia, Bellevue Hospital (3, 1944) 

Rownfree, Jennie I., M.S., Ph.D. University of 
Washington, Seattle. Professor of Home Eco- 
nomics. (5, 1933) 

Rowntree, L. G., M.D., Sc.D., F.A.C.P. Temp, ad- 
dress : 4701 Connecticut Ave., N.W., Washington, 
D. C. Director, Philadelphia Institute for Medical 
Research; Colonel, Medical Reserve; Research 
Clinician, Philadelphia General Hospital; Chief, 
Medical Division, Selective Service, National 
Headquarters, Washington, D. C. (1, 1911; 2, 1910; 
3, 190S; 4, prior to 1920) 

Rubenstein, Boris B., M.A., M.D., Ph.D. Edge- 
wood Arsenal, Edgewood, Md. Captain, Medi- 
cal Research Lab. (I, 1934) 

Rubin, Morton A., Ph.D. 3732 Gunston Rd., Alex- 
andria, Va. Captain, Signal Corps, Otjice of the 
Chief Signal Officer, Military Personnel Division, 
Washington, D. C. (1, 1940) 

Each, Theodore C., M.A., Ph.D. Yale University 
School of Medicine, New Haven, Conn. As- 
sistant Professor of Physiology. (1, 1933) 

Rusch, Harold Paul, M.D. Universitj' of IVis- 
consin Medical School, McArdle Memorial 
Laboratory, Madison 6. Professor of Oncology. 
(4, 1940) 

Russell, Walter C., Ph.D. New Jersey Agri^ ■ 
tural Experiment Station and Rutgers U ■' 
sity. New Brunswick. Biochemist in -'' 
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and Professor of Agricultural Biochemistry. 
(2, 1932; 5, 1933) 

Ryan, Andrew Howard, M.D. Chicago Medical 
School, 710 S. Wolcott Ave., Chicago, 111. Asso- 
ciate Professor of Physiology and Pharmacology. 
(1, 1912) 

Sabin, Florence R., M.D., Sc.D. 1333 E. 10th 
Ave., Denver 3, Colo. Member Emeritus, Rocke- 
feller Inst.; Member of National Academy of 
Sciences. (1, 1923) 

Sachs, Ernest, M.D. 97 Arundel PI., St. Louis, 
Mo. Professor of Clinical Neurological Surgery, 
Washington University Medical School. (1, 
1910) 

Sacks, Jacob, Ph.D., M.D. Endo Products, Inc., 
84-40, 101st St., Richmond Hill, N. Y. Pharma- 
cologist. (3, 1933) 

Sah, Peter P. T., M.S., Ph.D. Department of 
Chemistry, Fu Jen University, Peiping, China; 
Professor of Chemistry; Lecturer in Pharma- 
cology, Peiping Union Medical College. (3, 
1941) 

Sahyun, Melville, A.M., Ph.D. Frederick Stearns 
& Co., 6533 B. Jefferson St,, Detroit, Mich. 
Vice President and Director of Research. (2, 
1932) 

Salmon, W. D., A.M. Alabama Polytechnic 
Institute, Auburn. Animal Nutritionist. (2, 
1929; 5, 1933) 

Salter, William T., M.D. Yale School of Medi- 
cine, 333 Cedar St., New Haven, Conn. Pro- 
fessor of Pharmacology. (1, 1933; 3, 1942; 5, 
1934) 

Sammis, Florence E., M.D. 136 E. 58th St., 
New York City. (6, 1943) 

Sampson, John J., M.D. Ba.vter General Hos- 
pital, Spokane, Wash. Major M.C. (1, 1932) 
Sampson, Myra, A.M., Ph.D. Smith College, 
Northampton, Mass. Professor and Chairman 
of Department of Zoology. (5, 1935) 

Samuels, Leo T., Ph.D. University of Utah Medi- 
cal School, Salt Lake City. Professor and Head 
of Dept, of Biochemistry. (2, 1941; 3, 1937) 
Sandels, Margaret R., A.M., Ph.D. Florida 
State College for Women, Tallahassee. Dean of 
School of Home Economics; Professor of Nutri- 
tion. (5, 1933) 

Sandiford, Irene, Ph.D. Billings Hospital, Uni- 
versity of Chicago, Chicago, 111. Assismut 
Professor of Medicine. (2, 1925; 5, 1933) 
Sandow, Ale.v'ander, Ph.D.* Washington Square 
College, New York University, New York 3, 
N. Y. Assistant Professor of Biology. (1, 
1945) 

Sandweiss, David J., M.D.* 9739 Dexter Ave., 
Detroit, Mich. Instructor in Clinical Medicine, 
Wayne University College of Medicine; Physi- 


cian, Harper Hospital (jOPD); Attending Physi- 
cian Gastroenterology and Gastroscopy, North 
End Community Fund Clinic. (1, 1944) 
Sanford, Arthur H., A.M., M.D, Clinical Labora- 
tories, Mayo Clinic, Rochester, Minn. Head, 
Division of Clinical Laboratories. (6, 1920) 
Santos, Francisco O., M.S., Ph.D. University of 
the Philippines, Los Banos, Laguna. Professor 
and Head of Department of Agricultural Chemis- 
try, College of Agriculture. (5, 1936) 

Saphir, Otto, M.D. Michael Reese Hospital, 
29th St. and Ellis Ave., Chicago 16, HI. Path- 
ologist, Michael Reese Hospital; Professor of 
Pathology, University of Illinois Medical School. 
(4, 1927) 

Sappington, Samuel W., M.D., D.Sc. P. 0. Box 81, 
Bryn Mawr, Pa. Professor of Pathology, Hahne- 
mann Hospital. (6, 1913) 

Saslow, George, Ph.D,, M.D. Department of 
Neuropsychiatry, Washington University Medi- 
cal School, 640 South ICingshighway,. St. Louis, 
Mo. Assistant Professor of Psychiatry, (1, 1936) 
Satterfield, G. Howard, A.M, State College of 
Agriculture and Engineering, University of 
North Carolina, Raleigh. Professor of Biochem- 
istry. (2, 1944; 5, 1941) 

Saul, Leon Joseph, M.A., M.D. Three Walls 
Farm, Ridley Creek Rd., Media, Pa. (1, 1933) 
Saunders, Felix, Ph.D. 231 Playa del Sur, La 
Jolla, Calif. (2, 1938) 

Sawyer, Margaret E. MacKay, M.A., Ph.D. 142 
Lower Albert St., Kingston, Ontario, Canada. 
(1, 1935) 

Sawyer, Wilbur A., M.D, 3927 Idaho Ave., N.W., 
Washington, D. C. Director of Health, United 
Nations Relief and Rehabilitation Administra- 
tion. (4, 1930; 6, 1935) 

Saxton, John A., Jr., M.D. Snodgrass Laboratory 
of Pathology and Bacteriology, 1426 Carroll St., 
St. Louis, Mo. Assistant Professor of Pathology, 
Washington University School of Medicine; 
Medical Director, Pathology, Hospital Division, 
City of St. Louis. (4, 1944) 

Scammon, Richard E., M.A., Ph.D. 172 S. E. 
Bedford St., Minneapolis, Minn. Distinguished 
Service Professor in the Graduate School, Uni- 
versity of Minnesota. (1, 1923) 

Schales, Otto, D.Sc. Ochsner Clinic, Prytania and 
Aline Sts., New Orleans, La. Director of Chemical 
Research, Ochsner Foundation; Director of the 
Biochernical Laboratory, Ochsner Clinic. (2, 
1944) 

Scharles, Frederick H„ M.D. 1405 Bryant Bldg., 
Kansas City, Mo. (5, 1935) 

Schattenberg, Herbert John, M.S., M.D. Bureau 
of Laboratories, Medical and Surgical Memorial 
Hospital, 205 Camden St., San Antonio, Texas. 
Director. (4, 1940) 
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Schenken, John li., M.D. Louisiana State Uni- 
versity School of Medicine, New Orleans. 
Professor of Pathology and Bacteriology. (J. 
1942) 

Scherp, Henry W., M.S., Ph.D. University of 
Rochester Medical School, 260 Crittenden Blvd., 
Rochester, N. Y. Assistant Professor of Im- 
mvnochcmislry. (6, 1940) 

Schick, Bela, M.D. 17 -E. S4th St., New York 
City. Pediatrician, Mt. Sinai Hospital. (C, 
1924) 

Schiffrin, Milton J.,* M.S., Ph.D. Captain, Alti- 
tude Training Section, Tl'Tl’AAB, ll’aZta JJalla, 
Wash. (1,1943) 

Schlenk, Fritz, Ph.D, University of Texas; M. D. 
-Anderson Hospital of Cancer Research, Houston. 
Biochemist. (2, 1942) 

Schlesinger, M. J., Ph.D., M.D. Beth Israel 
Hospital, 330 Brookline Ave., Boston, JIass. 
Associate in Pathology, Harvard Ulcdical School; 
Director of Pathology, Beth Israel Hospital. 
(4, 1942; 6, 1921) 

Schlomovitz, Benjamin H., M.D. 1210 Majestic 
Bldg., 231 W. Wisconsin .4.ve., Milwaukee, Wis. 
Director, Clinical and Research Laboratory, 
Veterans Administration Hospital, R ood, ITjs- 


eonsin. (1, 1919) 

Schlumberger, Hans G., M.D, University of 
Pennsylvania hledical School, Philadelphia, Pa. 
Instructor in Pathology. (4, 1945) ^ 
Schmeisser, Harry C., M.D. University of 
Tennessee, Memphis. Professor of Pathology. 


(4, 1937) , „ . 

Schmidt, Carl F., M.D. Medial School, Uni- 
versity of Pennsylvania, Philadelphia. Pro- 
fessor of Pharmacology. (L 1929 ; 3, 1924) 
Schmidt, Carl L. A., M.S., Ph.D. 1557 Life Sciences 
Bldg., University of California, Berkeley. Pro- 
fessor of Biochemistry; Chairman of the Division 
of Biochemistry. (2, 1919) 

Schmidt, C. Robert, Ph.D.. M.D. Hertzler 
Clinic, Halstead, Kan. Resident Surgeon. Major 
(MC) A.U.S. (1, mo) 

Schmidt, Gerhard, M.D. Boston Dispensary, 
25 Bennett St., Boston, Mass. Senior 
Fellow, Tufts College Medical School. (2, 1939) 
Schmidt, Leon H.. M.S., Ph.D. Christ Hosp.t^, 
Institute for Medical Research, Cincinnati, O. 
Director of Research; Assistant Professor of 
Biological Chemistry, College of Medicine, tint- 
versily of Cincinnati* (2i 1936) - , 

Schmitt, Francis Otto, Ph.D Dept of Biology 
and Public Health, Massachusetts Institute of 
Technology, Cambridge. Professor of Biology. 

S,!»d2 G.. M.D., PI;.D. 50 > Sl„p. 

son St., Evanston, HI- 
1941) 


Schneider, Edward C., Ph.D., Sc.D., M.P.E. 25 
Gordon Place, Middletown, Conn. University 
Professor Emeritus, Wesleyan University. (1, 
1912; 2, 1912) 

Schocnbnch, Emanuel B., M.D. Meningococcal 
Meningitis Commission, Johns Hopkins School 
of Hygiene, 615 N. Wolfe St., Baltimore, hid. 
(6, 1941) 

Schoepfle, Gordon M., A.M., Ph.D.* Washington 
University, School of Medicine, St. Louis, Mo. 
Instructor in Physiology. (I, 1943) 

Schradieck, Constant E., M.D. 65 Hazard Ave., 
Providence, R. I. Director, Pathological De- 
partment, Homeopathic Hospital of Rhode Is- 
land. (G, 1921) 

Schreiner, Oswald, M.S., Ph.D. Bureau of Plant 
Industry, U. S. Department of Agriculture, 
Washington 25, D. C. Chief, Division of Soil 
Fertility Investigations. (2, 1908) 

Schroeder, E. F., M.S., Ph.D, G. D. Seafle & 
Co., P. O. Box 5110, Chicago 80, HI. Research 
Biochemist. (2, 1938) 

Schuck, Cecelia, Ph.D. Purdue University, 
Lafayette, Ind. Professor of Nutrition, De- 
partment of Home Economics. (5,1941) 

Schnltz, Edwin William, M.D. 743 Clooksey Lane, 
Stanford University, Calif. Professor of Bac- 
teriology and Experimental Pathology. (4, 1927; 
6, 1928) 

Schultz, Mark P., A.M., hl.D. National Institute 
of Health, Bethesda, Md. Surgeon, U. S. Public 
Health Service. (6, 1933) ' 

Schultz, W. H., Ph.D. 3102 ISth St., N.W., Wash- 
ington, D. C. Professor of Pharmacology, Emeri- 
tus, University of Maryland. (1, 1907; 3, 1909) 
Schultze, Max O., Ph.D, Department of Chemis- 
try, University of Pittsburgh, Pittsburgh, Pa, 
Research Fellow, Buhl Foundation. (2, 1938) 
Schwartze, Erich W., M.D. 1225 Talbert St., 
S. E., Washington, D. C. (3, 1920) 

Schweizer, Malvina, Ph.D.* Washington Square 
College of Arts and Sciences, New York Uni- 
versity, New York, N. Y. Instructor in Biology. 
(1, 1944) 

Scott, Charles Covert, Ph.D., M.D. The Lilly 
Research Laboratories, Eli Lilly and Company, 
Indianapolis 6, Ind. Pharmacologist. (3, 1945) 
Scott, David Alymer, M.A., Ph.D. Connaught 
Laboratories, University of Toronto, Toronto 
5, Ontario, Canada. Research Member. (2, 
1935) 

Scott, Ernest L., Ph.D. 64 South St., Bogota, 
N.J. Associate Professor of Physiology, Emeri- 
tus, Columbia University. (1, 1914; 2, 1915) 
Scott, Frederick Hughes, Ph.D., SeJD 
University of Minnesota, Minnear; ’’ 

jjrtr nf Phii.titnlonif. H. 
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Scott, John C., Ph.D. Hahnemann Medical 
College, Philadelphia, Pa. Professor of Physi- 
ology and Head of the Department. (1, 1936) 
Scott, R. W., A.M., M.D. City Hospital, Cleve- 
land, 0. Professor of Clinical Medicine, West- 
ern Reserve University; Physician-in-chief, 
Cleveland City Hospital. (1, 1917 ; 3, 1917) 

Scott, V. Brown, Ph.D., M.D. Inlow Clinic, Shel- 
byville, Ind. Internist, Division of Medicine. 
(1, 19H) 

Scott, W. J. Merle, M.D. University of Roches- 
ter Medical School, Rochester, N. Y. Asso- 
ciate Professor of Surgery. (4, 1925) 

Scott, W. W., M.D.* University Clinics, Univer- 
sity of Chicago, Chicago, 111. Instructor in Sur- 
gery. (1, 1943) 

Scudi, John Vincent, Ph.D. Dept, of Pharma- 
cology, Columbia Univ., 630 West 168th St., 
New York 32, N. Y. (2, 1942; 5, 1945) 

Seager, Lloyd D., M.S., M.D. Woman’s Medical 
College of Pennsylvania, East Falls, Phila- 
delphia. Professor of Pharmacology and Toxicol- 
ogy. (3, 1939) 

Sealock, Robert R., Ph.D. Iowa State College, 
Ames. Associate Professor of Chemistry. (2, 
1940; 5, 1941) 

Seastone, C. V., Jr., M.D. University of Wis- 
consin Medical School, Madison. Associate 
Professor of Medical Bacteriology. (6, 1939) 
Sebrell, W. H,, Jr„ M.D. National Institute of 
Health, Bethesda, Md. Chief, Division of 
Physiology. (2, 1938; 5, 1937) 

Seecof, David P., M.D. 1970 Daly Ave., Bronx, 
New York City. (4, 1927) 

Seegal, David, M.D. Welfare Island, New York 
City. Director, Research and Clinical Service, 
First Division, Goldivater Memorial Hospital; 
Associate Professor of Medicine, Columbia 
University. (6, 1930) 

Seegers, Walter H., Ph.D. Wayne University 
College of Medicine, Detroit 26, Mich. Asso- 
ciate Professor. (2, 1941) 

Scevers, Maurice Harrison, Ph.D., M.D. 
University of Michigan School of Medicine, Ann 
Arbor. Professor of Pharmacology and Chair- 
man of the Department. (1, '1933; 3, 1930) 
Seibert, Florence B., Ph.D., Sc.D., LL.D. Henry 
Phipps Institute, University of Pennsylvania, 
7th and Lombard Sts., Philadelphia. Asso- 
ciate Professor of Biochemistry. (2, 1925) 
Seidell, Atherton, M.S., Ph.D. 2301 Connecticut 
Ave., Washington, D. C. Special Expert, 
National Institute of Health. (2, 1924) 

Scifter, Joseph, M.D. Wyeth Institute of Applied 
Biochemistr}', Philadelphia, Pa. Chief Pharmacol- 
ogist. (3, 1940) 

Selkiirf, Ewald E., Ph.D.* School of jMedieine, 
Western Reserve University, Cleveland 6, 0. 
Senior Distructor in Physiology. (1, 1945) 


Selle, Wilber Arthur, Ph.D. Medical School, 
University of Te.vas, Galveston. Professor of 
Physiology. (I, 19.38) 

Selye, Hans, M.D., Ph.D., D.Sc., F.R.S.(c.) 
Inst, of Experimental Medicine and Surgery, 
Univ. of Montreal, Montreal, Canada. Professor 
and Director. (I, 1934) 

Sendroy, Julius, Jr., M.A., Ph.D. Mercy Hospi- 
tal, 2537 Prairie Ave., Chicago, 111. Professor of 
Chemistry and Chairman of the Department of 
Experimental Medicine, Loyola University School 
of Medicine. (2, 1928) 

Sevag, M. G., Ph.D. Department of Bacteri- 
ology, University of Pennsylvania School of 
Medicine, Philadelphia, Assistant Professor of 
Biochemistry in Bacteriology. (6, 1941) 

Sevringhaus, Elmer L., M.A., M.D. Wisconsin 
General Hospital, Madison. Professor of Medi- 
cine, University of Wisconsin; Constdtant in 
Clinical Chemistry, Wisconsin Psychiatric^ In- 
stitute; Chemist to Wisconsin General Hospital. 
(2, 1923; 5, 1939) 

Shaffer, Morris F,, D. Phil. Department of Pathol- 
ogy and Bacteriology, School of Medicine, Tulane 
University of Louisiana, New Orleans. Associate 
Professor. (4, 1939; 6, 1937), 

Shaffer, Philip A., Ph.D. Washington University 
Medical School, St. Louis 4, Mo. Professor of 
Biological Chemistry and Dean of the School 
of Medicine; Member, National Academy of 
Sciences. (1, 1906; 2, 1906; 5, 1935) 

Shannon, James A,, M.D., Ph.D. Welfare Is- 
land, New York City. Director of Research 
Service, Third (vVeis York University) Medical 
Division, Goldivater Memorial Hospital, De- 
partment of Pharmacology, New York University 
College of Medicine; Professor of Pharmacology. 
(1, 1933 ; 3, 1945) 

Shapiro, Herbert, A.M., Ph.D. Radiation Labora- 
tory M.I.T., Cambridge, Mass. Staff Member. 
(1, 1937) 

Sharpless, George R., D.Sc. Henry Ford Hos- 
pital, Detroit, Mich. Associate in Nutrition 
Rescareh. (5, 1942) 

Shaw, Myrtle, M.S., Ph.D. 11 S. Lake Ave., 
Albany, N. Y. Senior Bacteriologist, Division 
of Laboratories and Research, New York State 
Department of Health. (6, 1937) 

Shay, Harry, M.D. * Samuel S. Pels Fund, Medical 
Tower, Philadelphia, Penna. Director, Medical 
Research Laboratory. (1, 1944) 

Shear, Murray, J., Ph.D. National Cancer In- 
stitute, Bethesda, Md. Principal Biochemist. 
(2, 1930) 

Sheard, Charles, A.M., Ph.D. Alayo Foundation, 
Rochester, Minn. Chief of the Division of 
Physics and Biophysical Research and Professor 
of Physiological Optics and Biophysics, Univer- 
sity of Minnesota. (1, 1925) 
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Sheehan, Donnl, M.D., D.Sc. Xow York Uni- 
versity College of Medicine, First Avc., New 
York City. Professor of Anatomy and Director 
of Anatomical Laboratories. (1, 193S) 

Shemin, David, A.M., Ph.D. Columbia Universit 5 ’', 
College of Physicians and Surgeons, G30 W. IGSth 
St., Now York City. Assoefa/c in Biochemis- 
■ try. (2, 1941) 

Sheppard, Fay, M.S. University of Oklahoma 
Medical School, Oklahoma Citj’. Instructor in 
Biochemistry. (2, 1936) 

Sherman, Henry C., A.M., Ph.D., Sc.D. Colum- 
bia University, New York City. Mitchell Pro- 
fessor of Chemistry and Executive Officer of the 
Department of Chemistry; Member, National 
Academy of Sciences. (1, 1923; 2,1906; 5, 1933) 
Sherwin, Carl Passon, Sc.D., M.D., Dr.P.H., 
LL.D. 6 Carstensen Rd., Scarsdale, N. Y. 
Director of Metabolic Service, St. Vincent’s 
Hospital; Associate Physician, French Hospital. 
(1, 1919; 2, 1917) 

Sherwood, Noble P., Ph.D., M.D. ISOl Indiana 
St., Lawrence, Kan. Professor of Bacteriology, 
University of Kansas. (6, 1928) 

Sherwood, Thomas Cecil, M.A., Ph.D. 2639 Napo- 
leon Ave., New Orleans, La. House Physician, 
Southern Baptist Hospital. (1, 1938) 

Shideman, Frederick E., Ph.D. Dept, of Pharma- 
cology, University of Michigan, Ann Arbor. 
Instructor of Pharmacology. (3, 1944) 

Shimkin, Michael Boris, M.D. U. S. Public 
Health Service, National Cancer Institute, 
Bethesda, Md. Passed Assistant Surgeon. (4, 
1940) 

Shipley, Reginald A., M.D.* Western Reserve 
University School of Medicine, Cleveland C, O. 
Assistant Professor of Medicine. (1, 1945) 
Shipley, Robert B., M.D.* Lilly Laboratory for 
Clinical Research, Indianapolis City Hospital, 
Indianapolis, Ind. (1, 1946) 

Shlaer, Simon, M.A., Ph.D. Columbia Univer- 
sity, New York City. Research Associate in 
Biophysics. (1, 1938) 

Shock, Nathan W.. Ph.D. Unit on Gerontology, 
U. S. Public Health Service, Baltimore City 
Hospitals, Baltimore, Md. Senior Psycho- 
physiologist, U. S. Public Health Service, Na- 
tional Institute of Health, Bethesda, Md. ( 1 , 
1942) 

Shoemaker. Harold A., M.S., Ph.D. University 
of Oklahoma School of Modioiiio, SOI E. 13lh St., 
Oklahoma City. Assistant Dean; Professor of 
Pharmacology. (3, 1911) 

Show, Alfred T,. M.D. 300 Tiongwood Avo., 
Boston, Mass. Research .-issneiale in Pediatrics, 
Harvard Medical School. (2, 1922; 5, 1933)^ 
Shope, Richard E., M.D. Dnivirlmenl of Animal 
and Plant Pathology, 'I'ho Rocl.-efcl . ' -'to. 

Princeton, N. J. Member. (4, 103 


Shorr, Ephraim, M.D. The New York Hospital, 
525 East 6Sth St., New York City. Associate 
Professor of Medicine, Cornell University Medi- 
cal College; Assistant Attending Physician, The 
New York Hospital. (I, 1931 ; 3, 1942) 
Shwartzman, Gregory, M.D. 230 E. 50th St., 
New York City. Head of Department of Bac- 
teriology, Mount Sinai Hospital; Clinical Pro- 
fessor of Bacteriology, Columbia University. 
(4, 1929; G, 1930) 

Sichel, F. 3. M., Sc.M., Ph.D. College of Medi- 
cine, University of Vermont, Burlington. Asso- 
ciate Professor of Physiology. (1, 1939) 

Sickles, Grace M., B.A. 2201 Twelfth St., Troy, 
N. Y. Associate Bacteriologist, Division of 
Laboratories and Research, New York State 
Department of Health. (6, 1932) 

Sickles, Gretchen R., A.B. Division of Labora- 
tories and Research, New York State Depart- 
ment of Health, Albany, N. Y. Assistant 
Bacteriologist. (G, 1937) 

Siebert, Waller J., M.D. DePaul Hospital, St. 
Louis 13, Mo. Director of Laboratories and 
Pathologist of DePaid and Lutheran Hospitals, 
St. Louis, and of St. Joseph Hospital, Alton, III., 
St. Elisabeth’s Hospital, Belleville, III., St. 
Francis Hospital, Washington, Mo. (4, 1932) 
Silberberg, Martin, M.D. Snodgras Laboratory of 
Pathology, City Hospital, 1426 Carrol St., St. 
Louis 4, Mo. Instructor in Pathology, IFas/i- 
ington University, School of Medicine. (4, 
1944) 

Silberberg, Ruth, M.D. Jendsh Hospital, St. 
Louis, Mo. Acting Pathologist, Instructor in 
Pathology, Washington University Medical 
School. (4, 1944) 

Silvette, Herbert, AI.S., Ph.D. University of 
Virginia Medical School, Universitj% Acting 
Head of Pharmacology. (1, 1933; 3, 1940) 
Simon, Frank A., M.D. 812 Heybum Bldg., 
Louisville, Ky. (G, 1934) 

Simonds, James P., Ph.D., M.D. Northwestern 
University Medical School, 303 E. Chicago Ave., 
Chicago, HI. Professor of Pathology. (4, prior 
to 1920) 

Simonson, Ernst, M.D. c/o Laboratory of Physi- 
.ological Hygiene, Stadium South Tower, Uni- 
versity of Minnesota, Minneapolis 14. Associate 
Professor of Physiological Hygiene and of Physi- 
ology. (I. 1941) 

Sinclair, Robert Gordon, Ph.D., F.R.S.C. 
Queen’s University, Kingston, Ont., Canada, 
Professor of Biochemistry. (2, 1931) 

Sizer, Irwin W., Ph.D. * Massachusetts Institute of 
Technology, Cambridge. Associate Professor of 
Physiology. (1, 1944) 

Slaughter, Donald, M.D. Southwestern' 

College, 2211 Oak Lawn, Dallas, ' ^ 

Students, Professor of Pharmn 
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man of the Department of Physiology and 
Pharmacology. (3, 1938) 

Slonaker, James R., Ph.D. 334 Kingsley Ave., 
Palo Alto, Calif. Professor of Physiology, 
Leland Stanford Junior University. (1, 1917) 

Smadel, Joseph Edwin, M.D. 3-30 Parsons Blvd., 
Malba, Long Island, N. Y. Associate Member; 
Asst. Physician, Rockefeller Hospital. (4, 1940; 
6, 1937) 

Small, James C., M.D. 133 S. 36th St., Phil- 
adelphia, Pa. Instructor in Medicine, Grad- 
uate School of Medicine, University of Penn- 
sylvania. (4, 1927) 

Smetana, Hans, M.D. College of Physicians and 
Surgeons, 630 W. 168th St., New York City. 
Assistant Professor of Pathology. (4, 1934) 

Smith, Arthur H., M.S., Ph.D. Wayne Univer- 
sity College of Medicine, Detroit26, Mich. Pro- 
fessor of Physiological Chemistry. (1, 1923; 
2, 1921; 5, 1933) 

Smith, Austin Edward, M.D., C.M., M.Sc.(Med.). 
American Medical Association, 535 N. Dearborn 
St., Chicago, 111. Acting Secretary of the Council 
on Pharmacy and Chemistry, American Medical 
Association; Research Associate (Instructor) 
Dept, of Pharmacology, University of Chicago. 
(3. 1942) 

Smith, Clarence A., M.S., Ph.D. Standard 
Brands, Inc., 595 Madison Ave., New York City. 
Technical Director, Special Products Depart- 
ment. (1, 1921) 

Smith, David T. Duke Hospital, Durham, N. C. 
(5, 1943) 

Smith, Dietrich Conrad, A.M., Ph.D. University 
of Maryland School of Medicine, Lombard and 
Greene Sts., Baltimore. Associate Professor of 
Physiology. (1, 1937) 

Smith, Elinor Van Dorn, Ph.D. 5 Middle St., 
Hadley, Mass. Assistant Professor of Bacteri- 
ology, Smith College. (6, 1940) 

Smith, Elizabeth R. B., Ph.D. % Capt. Paul 
K. Smith, School of Aviation Medicine, Randolph 
Field, Texas. (2, 1938) 

Smith, Erma A., A.M., Ph.D., M.D. Iowa 
State College, Ames. Associate Professor of 
Physiology. (1, 1928) 

Smith, Fred M., M.D. State University of Iowa, 
Iowa City. Professor of the Theory and Practice 
of Medicine and Head of the Department. (1, 
1925) 

Smith, George H., M.A., Ph.D., M.A.(hon.), 
Sc.D. School of Medicine, Yale University, 
New Haven, Conn. Professor of Immunology 
and Assistant Dean; Chairman, Department of 
Bacteriology, Yale University. (6, 1918) 

Smith, H. P., M.S., !M.D. Columbia Univ., Coll, 
of Physicians and Surgeons, 630 West IGSth St., 
New York 32, N. A . Delafwld Professor of 
Pathology. (1, 1937; 4, 1925) 


Smith, Homer W., M.S. (hon.), Sc.D. 477 First 
Ave., New A'ork City. Professor of Physiology, 
New York University College of Medicine; 
Member, National Academy of Sciences. (1, 
1923; 2, 1930) 

Smith, Lawrence Weld, M.D. 10 E. 75th St., 
New A^ork 21, X. Y. (4, 1927) 

Smith, Lee Irvin, A.M., Ph.D. School of Chemis- 
try, University of Minnesota, Minneapolis. 
Professor and Chief, Division of Organic Chem- 
istry. (2, 1942) 

Smith, Margaret Cammack, A.M., Ph.D. Uni- 
versity of Arizona, Tucson. Professor of Nutri- 
tion; Nutrition Chemist, Agricultural Experiment 
Station, School of Home Economics, (2, 1935; 
5, 1933) 

Smith, Maurice I., M.D. National Institute of 
Health, Bethesda, Md. Principal Pharmacolo- 
gist., U. S. Public Health Service. (1, 1920; 
3, 1916) 

Smith, Paul K., Ph.D. AAF School of Aviation 
Medicine, Randolph Field, Texas. Chief, Labora- 
tory of Pharmacology and Biochemistry; Major, 
Air Corps. (2, 1937; 3, 1937) 

Smith, Paul W., AI.S., Ph.D. School of Medicine, 
University of Oklahoma, 801 E. 13th St., Okla- 
homa City. Assistant Professor of Pharma- 
cology. (1, 1933) 

Smith, Philip Edward, M.S., Ph.D. 630 W. 168th 
St., New York City. Professor of Anatomy, 
Columbia University; Member of the National 
Academy of Sciences. (1, 1923) 

Smith, Ralph G., M.D., Ph.D. Tulane Universitj'', 
Station 20, New Orleans, La. Professor of Phar- 
macology. (3, 1929) 

Smith, R. Blackwell, Jr., S.M., Ph.D. Division of 
Pharmacology, Food and Drug Administration, 
Federal Security Agency, Washington, D. C. 
Pharmacologist and Assistant to the Chief. (3, 
1944) 

Smith, Sedgwick E., Ph.D. U.' S. Plant, Soil and 
Nutrition LabJ^, Ithaca, N. Y. Animal Physi- 
ologist and Geneticist. (5, 1945) 

Smith, Susan Gower, M.A. Duke University, 
Durham, N. C. Associate, Department of Medi- 
cine and Nutrition, School of Medicine. (5, 1939) 
Smith, Sybil L., A.M. Principal Experiment Sta- 
tion Administrator, Office of Experiment Sta- 
tions, U.S.D.A., Washington, D. C. (5, 1940) 
Smith, Wilbur Kenneth, M.D. University of 
Rochester School of Medicine and Dentistry, 
260 Crittenden Blvd., Rochester, N. A', Asso- 
ciate Professor of Anatomy. (1, 1939) 

Smith, Willie W., M.A., Ph.D. 4710 Edgmoor 
Lane, Bethesda, Md. Associate Physiologist, Na- 
tional Institute of Health. (1, 1941) 

'Smithburn, Kenneth C., hl.D. A'ellow Fever Re- 
.scarch Institute, P. 0. Box 49, Entebee, Uganda, 
British East Africa. Staff Member, Interna- 



ALPHABETICAL LIST OP ALL MEMBERS OF THE SIX SOCIETIES 


365 


lional Health Division of The Rockefeller Foun- 
dation. (G, 1937) 

Smolens, Joseph, B.S. Wyeth Researcli Inst,, 
900 X. Bro-id St., Philadelphia, Pa. Fellow in 
Bacteriology. (0, 1943) 

Smythe, C. V., iM.S., Ph.D. 5000 Richmond St., 
Philadelphia, Pa. Head of Biochemistry, Rohm & 
Haas Company. (2, 1934) 

Snell, Albert M., M.D. Mayo Clinic, Rochester, 
Minn. Head of Section on Medicine at Mayo 
Clinic; Professor in Medicine, Mayo Foundation 
Graduate School, University of Minnesota. 
(4, 1930) 

Snell, Esmond E., M.A., Ph.D. University of 
Wisconsin, Madison 6. Associate Professor of 
Biochemistry. (2, 1942) 

Snyder, Charles D., M.S., Ph.D. Baltimore 10, 
Md. Professor Emeritus of Experimental Physi- 
ology, Johns Hopkins Univ. (1, 1907) 

Snyder, Franklin Faust, M.D. Boston Lying-In 
Hospital, Boston, Mass. (1, 1930) 

Sobel, Albert E., Ch.E., M.A., Ph.D. Jewish 
Hospital of Brooklyn, Prospect Place and Classon 
Ave., Brooklyn, N. Y. Director of Chemical 
Laboratories; Lecturer in Biochemistry, Graduate 
Division, Brooklyn College; Lecturer in “Blood 
Chemistry", Hunter College. (2, 1939) 

Sobotka, Harry H., Ph.D. Mount Sinai Hospital, 
Fifth Ave. and 100th St., New York City. 
Head, Department of Chemistry. (2, 1932 ; 5, 
1933) 

Solandt, Donald Young, M.A., M.D., Ph.D. Uni- 
versity of Toronto, Toronto, Out., Canada. 
Associate Professor of Physiology; Head of the 
Department of Physiological Hygiene. (1, 1937) 
Soley, Mayo H., M.D.* University of California 
Medical School, The Medical Center, San Fran- 
cisco. Associate Professor of Medicine and 
Assistant Dean. (1, 1943) 

Sollmann, Torald, M.D. So.D., LL.D. School of 
Medicine, Western Reserve University, 2109 
, Adelbert Rd., Cleveland, O. Dean and Professor 
of Pharmacology and Materia Mcdica, Emeritus. 
(1, 1902; 2, 1900; 3, 1908) 

Somogyi, Michael, Ph.D. 216 S. Kingshighway, 
St. Louis, Mo. Biochemist, Jewish Hospital 
of St. Louis. (2, 1927) 

Soskin, Samuel, M.D., M.A., Ph.D. Michael 
Reese Hospital, Chicago, 111. Director of Meta- 
bolic and Endocrine Research; Professoral Lec- 
turer in Physiology, University of Chicago. 
(1, 1930; 5, 1933) 

Soule, Malcolm H,, Sc.D., LL.D. University of 
Michigan; Ann Arbor. Professor of Bacteriol- 
ogy, and Chairman of the Department of Bacteri- 
ology. (4, 1927; 6, 1925) 

Spain, Will C., M.D. 116 E. 53rd St., New Y^ork 
City. Clinical Professor of Medicine, Post- 


Graduate Medical School, Columbia University. 
{6, 1923) 

Spealman, C. R., M.A., Ph.D. National Naval 
Medical Center, Bethesda, Md. (1, 1940) 

Specht, Heinz, Ph.D. National Institute of 
Health, Rockville Pike, Bethesda, Md. Asso- 
ciate Research Physiologist. (1, 1941) 

Sperry, Roger W^, Ph.D.* Harvard University 
and Y'erkes Laboratory of Primate Biology, 
Orange Park, Fla. Research Fellow in Biology. 
(1, 1945) 

Sperry, Warren M., M.S., Ph.D. 722 W. 168th St., 
New York City. Principal Research Biochemist, 
New York State Psychiatric Institute and Hos- 
pital; Assistant Professor of Biological Chemis- 
try, College of Physicians and Surgeons, Columbia 
University. (2, 1929; 5, 1933) 

Spiegel, Ernest A,, M.D. Temple University 
School of Medicine, Broad and Ontario Sts., 
Philadelphia, Pa. Professor of Experimental 
Neurology. (I, 1936) 

Spiegel-Adolf, Mona, M.D. Temple University 
School of Medicine, Broad St. at Ontario Ave., 
Philadelphia, Pa. Professor and Head of De- 
partment of Colloid Chemistry. (2, 1933) 

Spies, Tom D., M.D. Feb.-Nov. Hillman Hos- 
pital, Birmingham, Ala. Nov.-Feb. General 
Hospital, Cincinnati, 0. Associate Professor 
of Medicine, Univ. of Cincinnati College of 
Medicine. Visiting Professor of Medical Re- 
search, Univ. of Alabama School of Medicine. 
Professor of Medical Research, Univ. of Texas 
School of Medicine. Director, Nutrition Clinic, 
Hillman Hospital, Birmingham, Ala. (3, 1941; 
4, 1940; 5, 1938) 

Spink, Wesley W., M.D. University of Minnesota 
Hospital, Minneapolis. Associate Professor of 
Medicine, University of Minnesota Medical 
School. (3, 1940; 4, 1940 ; 6, 1940) 

Spohn, Adelaide, M.S., Ph.D. Elizabeth McCor- 
mick Memorial Fund, 848 N. Dearborn St., 
Chicago, 111. (5, 1933) 

Spoor, Herbert J., Ph.D.* 152nd St. and S9th 
Ave., Jamaica, N. Y. Mary Immaculate Hos- 
pital, Internship. (1, 1945) 

Sproul, Edith E., M.D. Columbia University, 
College of Physicians and Surgeons, New York 
City'. Assistant Professor of Pathology. (4, 
1941) 

Sprunt, Douglas H., M.D., M.S. Univ. of Tennes- 
see, Memphis. Professor of Pathology. (4, 1934; 
6, 1936) 

Stadie, William C., M.D. 821 Maloney Clinic, 
36th and Spruce Sts., Philadelphia, Pa. Pro- 
fessor of Research Medicine, University of Penn- 
sylvania. (2, 1922) 

Stainsby, Wendell J., M.D., C.jr. Geisingcr 
Memorial Hospital, Danville, Pa. Chief Ph>-< 
dan. (G. 1030) 
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Stanley, Wendell M., M.S., Ph.D., Sc.D. Rocke- 
feller Institute for Medical Research, Princeton, 
N. J. Member; Member^ National Academy of 
Sciences. (2, 1936) 

Stannard, Janies Newell, Ph.D. Research Divi- 
sion, Bureau of Medicine and Surgery, Navy 
Department, Washington 25, D. C. Lieutenant, 
R-7(5), USNR. (1, 1938) 

Stare, Frederick J., Ph.D., M.D. 25 Shattuck 
St., Boston 15, Mass. Associate Professor of 
Nutrition, Harvard Medical School and Harvard 
School of Public Health. (2, 1937 ; 5, 1942) 
Starr, Isaac, M.D. 817 Maloney Clinic, Hos- 
pital of the University of Pennsylvania, Phila- 
delphia. Hartzell Research Professor of Thera- 
peutics. (1, 1929 ; 3, 1942) 

Stavraky, George W., M.D., C.M., M.Sc. Medi- 
cal School, University of Western Ontario, 
London, Ont., Canada. Associate Professor of 
Physiology. (1, 1937 ; 3, 1944) 

Stead, Eugene A., Jr., M.D.* Emory University 
Medical School, Atlanta, Ga. Professor of 
Medicine. (1, 1945) 

Stearns, Genevieve, Ph.D. College of Medicine, 
State University of Iowa, Iowa City. Research 
Professor of Pediatrics. (2, 1932; 5, 1937) 

Steel, Matthew, Ph.D. Long Island College of 
Medicine, 350 Henry St., Brooklyn, N. Y. Pro- 
fessor of Biological Chemistry. (2, 1909) 
Steele, J. Murray, M.D. Welfare Hospital, Wel- 
fare Island, New Y'ork City. Associate Pro- 
fessor of Medicine, New York University; 
Director Srd {New York University) Medical 
Division of Welfare Hospital. (1, 1936) 
Steenbock, Harry, M.S., Ph.D.," Sc.D. Univer- 
sity of Wisconsin, Madison. Professor of Bio- 
chemistry. (2, 1912; 5, 1933) 

Steggerda, F. R., M.A., Ph.D. 416 Natural His- 
tory Building, University of Illinois, Urbana. 
Assistant Professor of Physiology. (1, 1934) 
Stehle, Rajinond Louis, A.M., Ph.D. Faculty of 
Medicine, McGill University, Montreal, Canada. 
Professor of Pharmacology. (2, 1920; 3, 1922) 
Steigmann, Frederick, M.S., M.D. 348 S. Hamlin 
Ave., Chicago, 111. Associate in Medicine, Col- 
lege of Medicine, University of Illinois; Asso- 
ciate Attending Physician, Cook Coxinty Hos- 
pital. (3, 1942) 

Steiman, S. E., M.A., Ph.D., M.D. 1874 Com- 
monwe.alth Ave., Brighton, Mass. Assistant Phy- 
sician, Metropolitan State Hospital, Waltham, 
Mass. (I, 1939) 

Steinbach, H. Burr, M.A., Ph.D. Washington 
University, St. Louis, Mo. Associate Professor 
of Zoology. (1, 1934) 

Steinberg, Bernhard, M.D. Toledo Hospital Insti- 
tute of Medical Research, Toledo, O. Director of 
the Toledo Hospital Institute of Medical Re- 
search; Director of Clinical and Morbid Patholog- 


ical Laboratories, The Toledo Hospital; Surgeon, 
U.S.P.H. {inactive). (4, 1928) 

Steiner, Paul E., M.D. The University of Chi- 
cago, Chicago, 111. Associate Professor of Path- 
ology. (4, 1939) 

Steinhardt, Jacinto, A.M., Ph.D. 1548 East- 
West Highway, Silver Spring, Md.- Field Ser- 
vice Consxdtant, Office of Scientific Research and- 
Development. {On loan to U. S. Navy.) (2, 
1939) 

Steinhaus, Arthur H., M.S., Ph.D., M.P.E. 
5315 Drexel Ave., Chicago, 111. Professor of 
Physiology, George Williams College, Hyde 
Park. (1, 1928) 

Stekol, Jakob A., M.A., D.Sc. Amino Products 
Division, Rossford, 0. Principal Research Chem- 
ist. (2, 1936) 

Stern, Kurt G., Ph.D. 85 Livingston St., Brooklyn, 
N. Y. Lecturer in Chemistry, Polytechnic In- 
stitute. (2, 1938) 

Stetten, DeWitt, Jr., M.D., Ph.D. 630 W. 168th 
St., New York City. Assistant Professor of Bio- 
chemistry, College of Physicians and Surgeons, 
Columbia University. (2, 1944) 

Stevens, S. Smith, Ph.D. Emerson Hall, Harvard 
University, Cambridge, Mass. Assistant Pro- 
fessor of Psychology. (1, 1937) 

Stewart, Fred W., M.D. Memorial Hospital, 
444 E. 68th St., iNew York City. Pathologist; 
Associate Professor of Surgical Pathology, Cor- 
nell Medical School; Pathologist, New York 
State Department of Public Health, Division of 
Laboratories and Research. (4, 1928) 

Stewart, Harold L., M.D. The National Cancer 
Institute, Bethesda, Md. Senior Pathologist. 
(4, 1936) 

Stewart, Winifred Bayard, M.D., M.A. 202S 
Delancey St., Philadelphia, Pa. Professor of 
Neurology, Woman's Medical College of Penn - ' 
sylvania. (1, 1941) 

Stickney, J. Clifford, M.S., Ph.D.* West Virginia 
University School of Medicine, Morgantown. 
Assistant Professor of Physiology. (1, 1944) 
Stiebeling, Hazel K., M.A., Ph.D. United States 
Department of Agriculture, Washington, D- C. 
Senior Food Economist, Bureau of Home Eco- 
nomics. (5, 1933) 

Stier, Theodore J. B., Ph.D. Indiana University 
Medical School, Bloomington. Associate Pro- 
fessor of Physiology. (1, 1938) 

Still, Eugene U., Ph.D. % Strong Cobb & Co., 
2654 Lisbon Rd., Cleveland, 0. (L 1929) 
Stillman, Ernest G., M.D. 45 E. 75th St., New 
York City. (G, 1930) 

Stockton, Andrew Benton, M.D. Barracks 
pensary, U. S. Naval Supply Depot, Oakland, 
Calif. Assistant Clinical Professor of Medicine, 
Stanford Medical School; Commander, {N.C.) 
U.S.N.R. (3, 1931) 
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Stokstad, E. L. Bobort, Ph.D. Lederlc Labora- 
tories, Pearl River, N. Y. Research Chemist. 
(5, 1942) 

Stoland, O. O., M.S., Ph.D. 1845 Learnard Ave., 
Lawrence, Kan. Projessor of Physiology and 
Pharmacology, University of Kansas. (1, 1913) 
Stone, William E., Ph.D.* Department of 
Surgery, Vinyne University College of Medicine, 
Detroit 26, Mich. Research Associate with rank 
of Inslriietor. (1, 1945) 

Stormont, Robert T., Ph.D. Naval Medical Re- 
search Institute, Bethesda, Md. Lieutenant 
O'.ff.) (M.C.) U.S.N.R. (3, 1941) 

Stotz, Elmer H., Ph.D. New York State Agricul- 
tural Experiment Station, Cornell University, 
Geneva, N. Y. Professor of Agricultural and Bio- 
logical Chemistry, Cornell University. (2, 1939) 
Stoughton, Roger W., M.S., Ph.D. Mallinckrodt 
Chemical Works, 3600 N. Second St., St. Louis, 
Mo. Research Chemist. (3, 1939) 

Strong, Frank M., M.A., Ph.D. Department of 
Biochemistry, University of Wisconsin, Madison. 
Associate Professor of Biochemistry. (2, 1941) 
Struck, Harold Carl, Ph.D . University of Illinois 
College of Medicine, 1853 W. Polk St., Chicago. 
Assistant Professor of Pharmacology and Ther- 
apeutics. (1, 1940) 

Stuart, Charles A., M.Sc., Ph.D. 372 Lloyd Ave., 
Providence, R. I. Associate Professor of Biol- 
ogy, Brown University. (6, 1935) 

Sturgis, Cyrus Cressey, M.D. Simpson Memorial 
Institute, Ann Arbor, Mich, Director, Thomas 
Henry Simpson Memorial Institute for Medical 
Research; Chairman, Department of Medicine, 
University Hospital, and Professor of Medicine, 
University of Michigan. (4, 1927) 

SubbaRow, Y., Ph.D. Lederle Laboratories, Pearl 
River, N. Y. (2, 1939) 

Sugg, John Y., Ph.D. Cornell University Medical 
College, 1300 York Ave., New York City. 
Assistant Professor of Bacteriology and Im- 
munology. (6, 1938) 

Sulkin, S. Edward, Ph.D. Southwestern Medical 
Foundation, Dallas, Texas. Associate Professor 
of Bacteriology and Immunology. (G, 1944) 
Sullivan, Michael Xavier, Ph.D. Chemo-Medical 
Research Institute, Georgetown University, 
37th & 0 Sts., N. W., Washington, D. C. Director 
and Research Professor of Chemistry. (2, 1909) 
Sulzberger, Marion B., M.D. 962 Park Ave., 
New York City. Lieutenant Commander, M.C., 
U.S.N.R.,inchargc of Dermatology and Syphilol- 
agy, U. S. Naval Hospital, Brooklyn, N. T.; 
Assistant Clinical Professor of Dermatology and 
Syphilology, Columbia University. (6, 1930) 
Summerson, William H., M.A., Ph.D. Cornell 
University Medical College, 1300 Y'ork Ave., 
New York City. Assistant Professor of Bio- 
chemistry. (2, 1942) 


Sumner, James Batcheller, A.M., Ph.D. Dairy 
Building, Ithaca, N. Y. Professor of Biochem- 
istry, Cornell University Medical College. (2, 
1919) 

Sumwalt, Margaret, M.S., Ph.D. Medical School, 
University of Pennsylvania, Philadelphia. (1, 
1934) 

Sunderman, F. William, M.D., Ph.D. University 
of Pennsylvania, Philadelphia. Assistant Pro- 
fessor of Research Medicine. (2, 1931) 
Sundstroem, Edward S., M.D. University of 
California, Berkeley. Professor of Biochemistry. 
(2, 1919) 

Sure, Barnett, M.S., Ph.D. University of Arkan- 
sas, Fayetteville. Head of Department and 
Professor of Agricultural Chemistry. (2, 1923; 
5. 1933) 

Sutherland, George P., C.M., M.D., M.Sc. 
Crile General Hospital, Cleveland, 0. Major, 
M.C. (1, 1939) 

Sutton, T. Scott, M.Sc., Ph.D. Ohio State Uni- 
versity, Columbus. Assistant Professor; Asso- 
ciate, Ohio Agricultural Experiment Station, 
College of Agricutlure. (5, 1936) 

Svirbely, Joseph L., Ph.D. Industrial Hygiene 
Research Laboratory, National Institute of 
Health, Bethesda 14, Md. Pharmacologist. (3, 
1945) 

Swain, Robert E., M.S., Ph.D., LL.D. 634 
Mirada Ave., Stanford University, Calif. Pro- 
fessor Emeritus of Chemistry. (2, 1909) 

Swann, Howard G., M.S., Ph.D. Dept, of Phar- 
macology, University of Texas Medical School, 
Galveston. Assistant Professor of Physiology. 
Captain, Aero Medical Laboratory, Wright Field, 
Dayton, 0. (1, 1940) 

Swanson, Pearl P., M.S., Ph.D. Iowa State Col- 
lege, Ames. Professor of Foods and Nutrition, 
Dept, of Foods and Nutrition. (5, 1933) 
Swanson, William W., M.S., M.D. 2376 E. 71st 
St., Chicago, III. Assistant Professor of Pedi- 
atrics, Northwestern University. (2, 1938) 
Sweeney, H. Morrow, M.S., Ph.D. School of 
Medical Sciences, University of South Dakota, 
Vermillion. Professor of Physiology and Phar- 
macology and Head of the Department. (1, 1939) 
Sweet, J. E., A.M., M.D., Sc.D. Unadilla, N. YL 
Emeritus Professor of Stirgical Research, Cornell 
Medical College. (I, 1913) 

Swift, Homer, M.D., D.Sc. S8S Park Ave., New 
York City. Member, Rockefeller Institute for 
Medical Research; Physician to The Hospital of 
The Rockefeller Institute for Medical Research. 
(6, 1920) 

Swift, Raymond W., M.S., Ph.D. Pennsylvania 
State College, State College. Professor, Insti- 
tute of -Animal Nutrition. (5, 1934) 

Swingle, Wilbur Willis, Ph.D. Princeton Univ ' 
sity, Princeton, N. J. Professor of Bi 
a, 1924) 



370 


FEDERATION PROCEEDINGS 


Tuft, Louis H., M.D. 1530 Locust St., Phil- 
adelphia, Pa. Assistant Professor of Medicine, 
Temple University Medical School; Chief of 
Clinic of Allergy and Applied Immunology, 
Temple University Hospital. (G, 1928) 
turn Suden, Caroline, M.A., Ph.D. 80 E. Con- 
cord St., Boston, Mass. Evans Research Fellow 
in Physiology, Boston University School of Medi- 
cine; Assistant, Evans Memorial Staff, Massa- 
chusetts Memorial Hospitals. (1, 1936) 

Tuohy, Edward B., M.S., M.Dl Percy Jones 
General Hospital, Battle Creek, Mich. Assistant 
Professor of Anesthesiology, Mayo Foundation. 
Captain, M.C. (3, 1941) 

Turner, Abby H., Ph.D. Mount Holyoke College, 
South Hadley, hlass. Professor of Physiology. 
(1, 1928) 

Turner, William A., Ph.D. Bureau of Dairy In- 
dustry, U. S. Department of Agriculture, Belts- 
ville, Md. Associate Chemist. (2, 1929) 
Tuttle, Waid Wright, M.A., Ph.D. State Univer- 
sity of Iowa, Iowa City. Professor of Physiology. 
(1, 1925) 

Tweedy, Wilbur R., Ph.D. Loyola University 
School of Medicine, 706 S. Wolcott St., Chicago, 
111. Professor and Chairman, Department of 
Biological Chemistry. (2, 1931) 

Tyler, David B., Ph.D.* California Institute of 
Technology, Pasadena. Hixon Fund Fellow. (1, 
1943) 

Unna, Klaus R. W., M.D. 1853 W. Polk St., 
Chicago 12, 111. Assistant Professor, Dept, of 
Pharmacology, Univ. of Illinois Coll, of Medicine. 
(1, 1941; 3, 1944; 5, 1942) 

Upton, Morgan, M.A., Ph.D. Dept, of Psychology, 
St. Lawrence University, Canton, N. Y. Assist- 
ant Director, British Ministry of Supply Mission, 
Jfilt A Bradford Building, 1800 K. St., N.W., 
Washington, D. C. (1, 1934) 

Urban, Frank, Ph.D., M.D. Research Hospital, 
University of Illinois, Chicago. Interne. (2, 
1932) 

Vahlteich, Ella McCollum, M.A., Ph.D. 46 Hud- 
son Ave., Edgewater, N. J. (5, 1933) 

Van Dyke, H. B., Ph.D., M.D. 630 W. 168th St., 
New York, N. Y. Professor of Pharmacology, 
Columbia University, College of Physicians and 
Surgeons. (1, 1925 ; 3, 1942) 
van Harreveld, Anthonie, M.A., M.D. California 
Institute of Technologj', Pasadena. Associate 
Professor of Physiology. (1, 1941) 

Van Liere, Edward J., M.S., M.D., Ph.D. The 
School of Medicine, West Virginia University, 
jMorgantown. Professor of Physiology and 
Dean. (1, 1927) 

Van Slyke, Donald D., Ph.D., Sc.D., M.D. Rocke- 
feller Institute for Medieal Research, 66th St. 
and York Ave., New York Citj*. Member; 
Member, National ' Academy of Sciences. (2, 
190S) 


van Wagenen, Gertrude, Ph.D, Yale University 
School of Medicine, New Haven, Conn. Asso- 
ciate Professor. (1, 1932) 

Van Winkle, Walton, Jr., M.D. Drug Division, 
Food and Drug Administration, Federal Security 
Agency, Washington, D. C. Senior Medical 
Officer. (3, 1939) 

Vars, Harry M., Ph.D. Harrison Department of 
Surgical Research, Unlversit 5 ’’ of Pennsylvania 
Medical School, Philadelphia. Assistant Pro- 
fessor of Physiological Chemistry. (2, 1935; 
5, 1935) 

Vennesland, Birgit, Ph.D. Dept, of Biochemistry, 
University of Chicago, Chicago, 111. Assistant 
Professor. (2, 1944) 

Venning, Eleanor H., M.S., Ph.D. University 
Clinic, Royal Victoria Hospital, Pine Ave., 
Montreal, Quebec, Canada. Assistant Professor 
of Medicine, McGill Univ. (2, 1938) 

Vickery, Hubert B., M.S., Ph.D. Connecticut 
Agricultural Experiment Station, New Haven. 
Lecturer on the Chemistry of Proteins, Yale 
University; Biochemist in Charge, Connecticut 
Agricultural Experiment Station; Member, Na- 
tional Academy of Sciences. (2, 1923) 

Victor, Joseph, M.D. Research Service, First 
Division, Goldwater Memorial Hospital, Wel- 
fare Island, New York 17. Experimental Path- 
ologist; Assistant Professor of Pathology, Colum- 
bia University College of Physicians and 
Surgeons. (4, 1935) 

Virtue, Robert W., Ph.D. 2134 E. Iliff Ave., 
Denver, Colo. Associate Professor of Chemistry, 
University of Denver. (2, 1939) 

Visscher, Maurice B., Ph.D., M.D. University 
of Minnesota, Minneapolis. Professor of Physi- 
ology. (1, 1927) 

Voegtlin, Carl, Ph.D. University of Rochester 
School of Medicine and Dentistry, Rochester, 
N. Y. Lecturer in Pharmacology. (1, 1908; 
2, 1908; 3, 1908) 

von Haam, Emmerich, M.D. Ohio State Uni- 
versity, Columbus. Professor of Pathology- 
(4, 1938) 

Von Oettingen, W. F., M.D., Ph.D. National In- 
stitute of Health, Division of Industrial Hy- 
giene, Bethesda, Md. Principal Industrial 
Toxicologist. (3, 1925) 

Vorwald, Arthur J., Ph.D., M.D. Saranac Labora- 
tory, Saranac Lake, N. Y. Pathologist. (4, 
1937) 

Vos, Bert J., Ph.D., M.D. Division of Pharmacol- 
ogy, Food and Drug Administration, Washing- 
ton, D. C. Associate Pharmacologist. (3, 
Waddell, J. A., M.D. Monroe Hill, Medical 
School, University of Virginia, Charlottesville. 
Professor of Pharmacology. (3, 1916) 

Waddell, James, Ph.D. E. I. duPont de Nemours 
& Co., New Brunswick, N. J. Director of the 
Biological Laboratory. (2, 1930; 5, 1935) 
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Wadsworth, Angustus B., M.D. New York State 
Department of Health, Albany. Director , Divi- 
sion of Laboratories and Research. (4, 1935; 
6, 1920) 

Waelsch, Heinrich, M.D., Ph.D. 722 West 16Sth 
St., New York 32, N. Y. Associate Research 
BioclicmisI, N. Y. Siaic Psychiatric Institute 
and Hospital; Assistant Professor of Biological 
Chemistry, Columbia University. (2, 1941) 
Waisman, Harry A., M.S., Ph.D. Biochemistry 
Bldg., University of Wisconsin, Madison. Asso- 
ciate in Biochemistry. (2, 1944) 

Wakeman, Alfred 3., Ph.D. Hatfield Hill Road, 
Bethany, Conn. Retired. (2, 1906) 

Wakeflin, George E., Ph.D., M.D. University 
of Illinois Medical School, 1853 W. Polk St., 
Chicago. Professor of Physiology. (1, 1933; 
3, 1934) 

Wakim, Khalil G., M.D., Ph.D. University of 
Indiana Medical School, Bloomington. Professor 
of Physiology. (1, 1942) 

Wald, George, M.A., Ph.D. Biological Labora- 
tories, Harvard University, Cambridge, Mass. 
(1, 1934) 

Walker, Arthur M., M.D. University of Penn- 
sylvania, Philadelphia. Associate Professor of 
Pharmacology, Major, M.C. (1, 1932; 3, 1939) 
Walker, Burnham S., Ph.D., M.D. Boston Uni- 
versity School of Medicine, 80 E. Concord St., 
Boston, Mass. Professor of Biochemistry. (2, 
1940) 

Walker, Ernest Linwood, S.D. Second and Par- 
nassus Aves., San Francisco, Calif. Professor 
of Tropical Med., The George Williams Hooper 
Foundation for Medical Research, University 
of California. (3, 1931) 

Wallace, George B., A.M., Sc.D. (hon.) M.D. 477 
First Ave., New York City. Professor of 
Pharmacology, New York University College 
of Medicine. (1, 1901; 2, 1908; 3, 1909) 
Wallen-Lawrence, Zonja, Ph.D. 4534 W. Pine 
Blvd., St. Louis, Mo. Lecturer on Nutrition and 
Diet, Washington University School of Dentistry, 
(2, 1937) 

Walter, Carl W., M.D. Harvard Medical School, 
25 Shattuck Street, Boston, Mass. Director, 
Laboratory for Surgical Research; Assistant Pro- 
fessor of Surgery, Harvard Medical School; 
Senior Associate in Surgery, Peter Bent Brigham 
Hospilal. (4, 1942) 

Wallers, Orville S., Ph.D., M.D. McPherson, 
Ivan. Physician. (I, 1936) 

Walton, Robert P., M.A., Ph.D., M.D. Medical 
College of the State of South Carolina, Charles- 
ton. Professor of Pharmacology. (3, 1933) 
Walton, Seth T., V.M.D., M.S., Ph.D. City 
Health Department, Charlotte, N. C. Director 
of Laboratories and Research. (6, 1936) 


Wnlzcr, Matthew, M.b. 20 Plaza St., Brooklyn, 
N. Y. Attending in Allergy, Jewish Hospital 
of Brooklyn. (6, 1924) 

■Wang, Chi Che, M.S., Ph.D. 323 Belden Ave., 
Chicago, 111. Research Chemist, Children’s Me- 
morial Hospital; Assistant Professor, Dept, of 
Physiology, Northwestern University Medical 
College, Chicago. (2, 1922 ; 5, 1933) 

"Wang, Shih-Chun, M.D., Ph.D.* Columbia Uni- 
versity College of Physicians and Surgeons, 630 
W. 16Sth St., New York City. Assistant Professor 
in the Department of Physiology. (1, 1943) 

■Wangensteen, Owen Harding, M.D. University 
of Minnesota, Minneapolis. Professor of Sur- 
gery. (4, 1931) 

Warner, Emory D., M.D. Medical Laboratories 
Bldg., Iowa City, la. Professor of Pathology. 
(4, 1937) 

Warren, Charles O., Ph.D., M.D. Cornell Uni- 
versity Medical College, 1300 York Ave., New 
York City. Assistant Professor of Physiology 
and Anatomy. (1, 1941) 

Warren, Madeleine Field, A.M., Ph.D. 9 High 
Rock St., Needham, Mass. Harvard School of 
Public Health, 55 Shattuck St., Boston, Mass. 
Associate in Physiology. (1, 1933) 

Warren, Shields, M.D. Palmer Memorial Hosj 
pital, 195 Pilgrim Rd., Boston, Mass. Patho- 
logist, New England Deaconess Hospital; As- 
sistant Professor of Pathology, Harvard Medical 
School. (4, 1929) 

Wartman, William Beckman, M.D. Western 
Reserve University, 2085 Adelbert Rd., Cleve- 
land, O. Assistant Professor of Pathology. 
(4, 1940) 

Wasfeneys, Hardolph, Ph.D., F.R.S.C. Univer- 
sity of Toronto, Toronto, Canada. Professor 
and Head of Department of Biochemistry. (2, 
1915) 

WastI, Helene, M.D. Hahnemann Medical Col- 
lege and Hospital, Philadelphia, Pa. Research 
Associate in Pharmacology and Anatomy. (1, 
1939) 

Waterman, Robert E., B.S. Schering Corporation, 
86 Orange St., Bloomfield, N.J. Vice-President, 
(2, 1940) 

Waters, Ralph Milton, M.D. 1300 University Ave., 
Madison, Wis. Professor of Anesthesia, Univer- 
sity of Wisconsin. (3, 1937) 

Watson, Cecil J., M.D., Ph.D. Department of 
Medicine, University Hospital, Minneapolis, 
Minn, Professor and Head of Department of 
Medicine. (4, 1941) 

Watson, John B., A.M., Ph.D., LL.D. 420 
Lexington Ave., New York City. Vice Fresiy 
deni of the J, Waller Thompson Co. (1, 1907''' 

Wand, Bussell A., M.D., M So,, PhT). M * 
School, University of Western Ontario, ^ 
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Canada. Professor of Pharmacology. (1, 1925; 
3, 1931) 

Waugh, David F., Ph.D.* Department of Biology 
and Biological Engineering, Massachusetts In- 
stitute of Technology, Cambridge. Assistant 
Professor of Physical Biology. (1, 1943) 

Wearn, Joseph T., M.D. Lakeside Hospital, 
Cleveland, 0. Professor of Medicine, Western 
Reserve University; Director of Medicine, Lake- 
side Hospital. (1, 1921) 

Weatherby, J. H., M.A., Ph.D. Naval Air Station 
Dispensary, Pensacola, Fla. Research Associate 
in Pharmacology, Medical College of Virginia; 
Lieutenant (M.C.) U.S.N.R. (3, 1941) 

Weber, Clarence J., M.D., Ph.D. University of 
Kansas Hospitals, Kansas City. Assistant Pro- 
fessor of Research Medicine. (2, 1931) 

Webster, Bruce, M.D., C.M. Cornell University 
Medical College, 1300 York Ave., New York 
City. Assistant Professor Medicine; Associate 
Attending Physician, New York Hospital. (5 
1935) 

Weed, Lewis H., A.M., M.D., Sc.D. Johns Hop- 
kins University Medical School, Baltimore, Md. 
Professor of Anatomy. (1, 1919) 

Wegria, Ren4, M.D. Department of Medicine, 
Presbyterian Hospital, 622 W. 168th St., New 
York City. (1, 1941) 

Weichert, Charles K., Ph.D. University of Cin- 
cinnati, Cincinnati, 0. Professor of Zoology. 
(1, 1935) 

Weil, Alfred J., M.D. Lederle Laboratories, Inc., 
Pearl River, N. Y. Immunologist, (6, 1940) 
Weil, Arthur, M.D. 161 East 71st St., New York, 
N. Y. (4, 1940) 

Weil, Leopold, Ph.D. Eastern Regional Research 
Laboratory, U. S. Department of Agriculture, 
Chestnut Hill Station, Philadelphia, Pa. 
Chemist. (2, 1942) 

Weir, Everett G., M.S., Ph.D. School of Medi- 
cine, Howard University, Washington, D. C. 
Assistant Professor of Physiology, (1, 1941) 
Weiss, Charles, M.S., Ph.D., M.D. Jewish Hospi- 
tal, York & Tabor Roads, Philadelphia, Pa. 
Director of Laboratories. (4, 1934; 6, 1920) 
Weiss, Emil, M.D., Ph.D. P. 0. Box 714, Chicago, 
m. Pathologist, Chicago Eye, Ear, Nose and 
Throat Hospital. (6, 1927) 

Weiss, Paul, Ph.D. University of Chicago, 
Chicago, 111. Professor of Zoology. (1, 1936) 
Welch, Arnold D., Ph.D., M.D. Western Reserve 
Universitj' School of Medicine, Cleveland, 0. 
Professor of Pharmacology. (3, 1942; 5, 1944) 
Welch, Henry, Ph.D. Bacteriological Section, 
U. S. Food and Drug Administration, Washing- 
ton, D. C. Senior Bacteriologist. (6, 1932) 
Weld, Charles Beecher, M.A., M.D. Dalhousie 
University, Halifax, N.S., Canada. Professor 
of Physiology. (1, 1936) 


Weld, Mrs. Julia T. College of Physicians and 
Surgeons, 630 W. 16Sth St., New York City. 
Research Associate in Pathology. (6, 1920) 
Welker, William H., A.C., Ph.D., D. Sc. 1853 W. 
Polk St., Chicago, 111. Professor of Biological 
Chemistry and Head of the Department, College of 
Medicine, University of Illinois. (2, 1906) 
Weller, Carl Vernon, M.D. 1130 Fair Oaks Park- 
way, Ann Arbor, Mich. Professor of Pathology 
and Chairman, Department of Pathology, Uni- 
versity of Michigan. (4, 1923) 

Wells, Herbert S., M.D. 318 Millard Hall, 
University of Minnesota, Minneapolis 14. Pro- 
fessor of Biophysics (temp.) and Baruch Fellow 
in Physical Medicine. (1, 1932) 

Wells, Joseph Albert, M.S., Ph.D. Northwestern 
University Medical School, Chicago, HI. Asso- 
ciate in Pharmacology. (3, 1944) 

Welsh, John H., Ph.D.* Biological Laboratories, 
Harvard University, 16 Divinit 3 ’’ Ave., Cam- 
bridge 38, Mass. Assoefafe Professor of Zoology. 
(1, 1945) 

Wendel, William B., Ph.D. Department of Bio- 
chemistrj’^, Tulane Universitj', 6501 St. Charles 
Ave., New Orleans 15, La. Professor of Bio- 
chemistry. (2, 1932) 

Werkman, C. H., Ph.D. Science Hall, Iowa 
State College, Ames. Professor in Charge, 
Department of Bacteriology. (2, 1942) 

Werle, Jacob M., M.D.* 4478 Broadale Ave., 
Cleveland, O. 1st Lieutenant, M. C. (1, 1943) 
Werner, Harold W., Ph.D. The Wm. S. Merrell 
Co., Lockland Station, Cincinnati, O. Director 
of Pharmacology Research. (3, 1942) 
Wertenberger, Grace E., S.M., Ph.D.* Women’s 
Medical College of Pennsylvania, Philadelphia. 
Assistant Professor of Physiology. (1, 1943) 
Wesson, Laurence Goddard, Ph'.D. Forsyth 
Dental Infirmarj’’, Boston, Mass. Research 
Biochemist. (2, 1929; 3, 1932) 

West, Edward S., M.S., Ph.D. University of 
Oregon Medical School, Portland. Professor 
of Biochemistry. (2, 1925) 

West, Randolph, M.A., M.D. 622 W. 16Sth St., 
New York City. Associate Professor of Medi- 
cine, Columbia University. (2, 1931) 
Westerfeld, Wilfred Wiedey, Ph.D. Syracuse 
University College of Medicine, Syracuse 10, 
N. Y. (2, 1944) 

Weymouth, Frank W., Ph.D. Stanford Univer- 
sity, Calif. Professor of Physiology and Exec- 
utive of the Department. (1, 1917) 

Wheeler, George W., M.D. New York Hospital, 
525 E. 68th St., New York City. Superin- 
tendent. (6, 1920) 

Wheeler, Kenneth M., Ph.D. Bureau of Labora- 
tories, Connecticut State Department of Health, 
1179 Main St., Hartford. Research Micro- 
biologist. (6, 1938) 
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Wheeler, Mary W., M.A. Division of Labora- 
tories and Research, New York State Depart- 
ment of Health, Albany. Associate Bactcri- 
ologxsl. (G, 1933) 

Wheeler, Ruth, Fh.D, Vassar College, Pough- 
keepsie, N. Y. Professor Emeritus of Physiol- 
ogy and Kutriiion. (2, 1915; 5, lOSSl 
Wheelon, Homer, M.S., M.D. American Bank 
Bldg., Seattle, Wash. (1, 1919) 

Whipple, George H., M.D., Sc.D. University of 
Rochester, Rochester, N. Y. Professor of 
Pathology and Dean of the School of Medicine and 
Dentistry; Member of the National Academy of 
Sciences. (1, 1911; 4, 1913) 

White, Abraham, M.A., Ph.D. 333 Cedar St., 
New Haven, Conn. Associate Professor of 
Physiological Chemistry, Medical School, Yale 
University. (2, 1934; 5, 1937) 

White, Frank D,, Ph.D., F.I.C. Medical College, 
University of Manitoba, Winnipeg, Canada. 
Assistant Professor of Biochemistry, Faculty of 
Medicine. (2, 1931) 

White, Harvey Lester, M.D. Station Hospital, 
A.P.O. 726, Seattle, Wash. Colonel, M.C.; Asso- 
ciate Professor of Physiology, Washington Uni- 
versity Medical School, St. Louis, Mo. (1, 1923) 
White; Julius, A.M., Ph.D. National Cancer Insti- 
tute, Bethesda, Md. Senior' Biochemist. (At 
present onleave of absence while in Army of U. S.) 
(2, 1937) 

White, Paul Dudley, M.D., Massachusetts Gen- 
eral Hospital, Boston. Lecturer in ^Medicine, 
Harvard Medical School; Physician (in charge of 
Cardiac Clinics and Laboratory), Mass. General 
Hospital. (3, 1921) 

Whitehead, Richard W., M.A., M.D. University 
of Colorado School of Medicine, 4200 E. Ninth 
-Ave., Denver. Professor of Physiology and 
Pharmacology. (I, 1933; 3, 1928) 

Wiener, Alexander S., M.D. 64 Rutland Rd., 
Brooklyn, N. Y. Bacteriologist and Serologisl 
to Office of Chief Medical Examiner of New York 
City; Head of Transfusion Division, Jewish 
Hospital of Brooklyn. (G, 1932) 

Wiersma, Cotnelis A. G., M.A., Ph.D. California 
Institute of Technology, Pasadena. Associate 
Professor of Physiology. (1, 1941) 
loggers, Carl J., M.D., Sc.D. Medical School, 
Western Reserve University, Cleveland, 0. 
Professor and Director of Physiology. (1, 1907; 
3, 1909) 

I'iggers, Harold C., Ph.D. College of Medicine, 
University of Rlinois, 1S53 W. Polk St., Chi- 
'’ngo. Associate Professor of Physiology. (1, 
193S) 

''■‘godsky. Herman S., Ph.D.,iSI.D.* AAF School 
Aviation Medicine, Randolph Field, Texas. 
Ufiic/ , Dept, of Physiology. (1, 1943) 


Wikier, Abraham, M.D. U. S. Public Health Serv- 
ice Hospital, Lexington, Ky. Surgeon (R), U. S. 
Public Health Service. (3, 1944) 

Wilde, Waller S., Ph.D.* Carnegie Institution of 
Washington, Department of Embryology, Wolfe 
and Madison Sts., Baltimore 5, Md. Junior 
Investigator, Assistant Professor of Physiology. 
(1, 1944) 

Wilder, Russell M., Ph.D., M.D. Mayo Clinic, 
Rochester, Minn. Professor of Medicine, Mayo 
Foundation, University of Minnesota. (1, 1921 ; 
4, 1924; 5, 1933) 

Wiley, Frank H., M.S., Ph.D. Food and Drug 
Administration, Federal Security Agency, Wash- 
ington 25, D. C. Chemist. (2, 1933) 

Wilhelme, Jane Russell, Ph.D. Yale University 
School of Medicine, 333 Cedar St., New Haven, 
Conn. Instructor in Physiological Chemistry. 
(1. 1939) 

Wilhelmi, Alfred E., Ph.D. 333 Cedar St., New 
Haven, Conn. Yale University School of Medi- 
cine. Assistant Professor of Physiological Chem- 
istry. (2, 1942) 

Wilhelmj, Charles Martel, M.D. Creighton Uni- 
versity School of Medicine, Omaha, Neb. Pro- 
fessor of Physiology. (1, 1931) 

Wilkerson, Vernon A., M.D., Ph.D. Howard 
University Medical School, Washington, D. C. 
Professor and Head of Department of Bio- 
chemistry. (2, 1936) 

Williams, Edwin G., M.D., D.TM., D.T.H. 
National Institute of Health, Bethesda 14, Md. 
Senior Surgeon V. S. Public Health Service, 
Director of Research, V. S. P. H. S. Hospital, 
Lexington, Ky. (3, 1944) 

Williams, Harold H., Ph.D. Department of 
Biochemistry, Cornell University, Ithaca, N. Y. 
(2. 1938; 5, 1936) 

Williams, Horatio B., M.D., Sc.D. Box 893, Green- 
wich, Conn. Dalton Professor of Physiology 
Emeritus, Columbia University. (1, 1912) 

Williams, J. W., M.S., Ph.D. University of Wis- 
consin, Chemistry Bldg., Madison. Professor of 
Chemistry. (2, 1944) 

Williams, Ray D., M.S., M.D. 6834 Waterman 
St., St. Louis, Mo. Assistant Professor of 
Clinical Medicine, Washington University. (5, 
1941) 

Williams, Robert Hardin, M.D. Thorndike Labo- 
ratory, Boston City Hospital, Boston, Mass. 
Associate in Medicine, Harvard Medical School; 
Assistant Physician, Thorndike Memorial Labo- 
ratory; Junior Visiting Physician, II and IV 
Medical Services (Harvard) Boston City Hos- 
pital. (4, 1940) 

Williams, Robert R., M.S., D.Sc. 297 Summit 
Ave., Summit, N. J. Chemical Consultant, Bell 
Telephone Laboratories. (2, 1919; 5, 1941) 
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Williams, Roger J., Ph.D., D.Sc. University of 
Texas, Department of Chemistry, Austin. 
Professor of Chemistry; Director, Biochemical 
Institute. (2, 1931 ; 5, 1945) 

Wills, J. H., M.S., Ph.D.* University of Roches- 
ter, School of Medicine and Dentistry, Roches- 
ter, N. Y. Associate in Pharmacology. (1, 1943) 
Wilson, David Wright, M.S., Ph.D. University 
of Pennsylvania Medical School, Philadelphia. 
Benjamin Rush Professor of PhysiologicalChem- 
istry. (1, 1915; 2, 1915) 

Wilson, Frank N., M.D. University Hospital, 
Ann Arbor, Mich. Professor of Medicine, Uni- 
versity of Michigan. (4, 1925) 

Wilson, Karl M., M.D. University of Rochester, 
School of Medicine, Rochester, N. Y. Professor 
of Obstetrics and Gynecology. (4, 1927) 

Wilson, P. W., Ph.D. Department of Agricul- 
tural Bacteriology, University of Wisconsin, 
Madison. Associate Professor in Agricultural 
Bacteriology. (2, 1939) 

Wilson, Robert H., Ph.D. U. S. Dept, of Agricul- 
ture, Western Regional Research Laboratory, 
800 Buchanan St., Albany, Calif. Pharmacolo- 
gist. (3, 1937) 

Winder, Claude V., Sc.D. 1927 Dexter Ave., Ann 
Arbor, Mich. Pharmacologist, Parke, Davis & 
Company, Detroit, Mich. (1, 1938) 

Windle, William Frederick, Ph.D.' Northwestern 
University Medical School, 303 E. Chicago Ave., 
Chicago, 111. Professor of Neurology and 
Director of the Institute of Neurology. (1, 1937) 
Winkenwerder, Walter LaF., M.D. Brooklandville, 
Md. Associate in Medicine, Johns Hopkins 
Medical School. (6, 1938) 

Winkler, Alexander Woodward, A.M., M.D. 
New Haven Hospital, 789 Howard Ave., New 
Haven, Conn. Assistant Professor of Medicine, 
Yale University School of Medicine. (1, 1940) 
Winter, Charles A., Ph.D. University of Okla- 
homa, School of Medicine, 801 E. 13th St., 
Oklahoma City. Associate Professor of Physiol- 
ogy. (1, 1940) 

Winter, Irwin Clinton, Ph.D., M.D. University 
of Oklahoma School of Medicine, Oklahoma City. 
Associate Professor in Pharmacology; Captain, 

M. C. (3, 1941) 

Winters, Jet C., M.A., Ph.D. University of 
Texas, Austin. Professor of Home Economics. 
(5, 1933) 

Winternitz, M. C., M.D. Yale University School 
of Medicine, New Haven, Conn. Anthony N. 
Brady Professor of Pathology. (4, 1913) 
Winterstciner, Oskar, Ph.D. The Squibb In- 
stitute for ^ledical Research, New Brunswick, 

N. J. Head, Division of Organic Chemistry; 
Honorary Professor of Biochemistry, Rutgers 
University. (2, 1930) 


Winlrobe, Maxwell Myer, M.D., Ph.D. University 
of Utah School of Medicine, Salt Lake City. 
Professor and Head of the Department of Internal 
Medicine. (4, 1940) 

Wiseman, Bruce Kenneth, M.D. ICinsman Hall, 
Ohio State University', Columbus. Professor 
and Chairman of Department of Medicine; 
Assistant Director of Medical Research. (4, 
1932) 

Wislocki, George B., M.D. Harvard University 
Medical School, 25 Shattuck St., Boston, Mass. 
Parkman Professor of Anatomy. (1, 1924) 
Witebsky, Ernest, M.D. Buffalo General Hos- 
pital, 100 High St., Buffalo, N. Y. Professor of 
Bacteriology and Immunoloay. (6, 1935) 
Wittich, Frederick W., M.A., M.D. 401 La Salle 
Medical Bldg., Minneapolis, Minn. City Physi- 
cian, General Hospital, Member Glen Lake 
Sanitarium Staff. (6, 1944) 

Witzemann, Edgar J., M.A., Ph.D. Service 
Memorial Building, University of Wisconsin, 
Madison. Associate Professor of Physiological 
Chemistry. (2, 1925) 

Wolbach, S. Burt, M.D. Harvard University 
Medical School, 25 Shattuck St., Boston, Mass. 
Shattuck Professor of Pathological Anatomy; 
Member, National Academy of Sciences. (4, prior 
to 1920) « 

Wolff, Harold G., M.D., M.A. New York H6s- 
pital, 525 E. 68th St., New York City. Asso- 
ciate Professor of Medicine, Cornell University 
Medical College; Associate Attending Physician, 
New York Hospital. (1, 1930; 3, 1942) 

Wood, Earl H., M.S., Ph.D., M.D.* Mayo Aero- 
medical Unit, Mayo Foundation, Rochester, 
Minn. Assistant in Physiology. (1, 1943) 

Wood, Harland G., Ph.D. Dept, of Physiology, 
University of Minnesota, Minneapolis. Associate 
Professor, Physiological Chemistry. (2, 1944) 
Wood, Horatio C., Jr., M.D., Ph.M. 319 S. 41st 
St., Philadelphia, Pa. Professor of Pharma- 
cology and Therapeutics, University of Penn- 
sylvania; Professor of Materia Medica, Phila- 
delphia College of Pharmaey and Science. (3, 
1908) 

Woodbury, Robert A., Ph.D., M.D. University 
of Georgia, School of Medicine, Augusta. Pro- 
fessor of Pharmacology. (1, 1936; 3, 1941) 
Woodruff, Lorande Loss, A.M., Ph.D. Yale 
University, New Haven, Conn. Professor of 
Protozoology; Member, National Academy of 
Sciences. (1, 1910) 

Woods, Alan C., M.D. Wilmer Institute, Johns 
Hopkins Hospital, Baltimore, Md. Ophthal- 
mologist-in-Chief; Acting Professor of .Ophthal- 
mology, Johns Hopkins University; Director, 
Wilmer Ophthalmological Institute. (G, 1918) 
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I'Spaeth, Reynold A. (1) January 26, 1925. 

^Spencer, Henry Janies (5) 1944. 

•Sternberg, G. M. (1) November 3, 1915. 

■Stevens, Herman C. (1) May 27, 1934. 

:Stewart, Colin C. (1) January 22, 1944. 

Stewart, G. N. (1, 3, 4) May 28, 1931, 

Stiles, Percy G. (1) July 5, 1936. 

Storey, Thomas A. (1) October 27, 1943. 

Straus, Henry W. (6) 1937. 

Tait, John (1) October 21, 1944. 

Terry, Oliver P. (1) December 6, 1933. 
Thatcher, Roscoe Wilfred (2) December 6, 1933. 
Thompson, Wm. G. (1) October 27, 1927. 

Trask, James D. (6). May 24, 1942. 

Underhill, Frank P. (1, 2, 3) June 28, 1932. 

Van Slyke, Lucius L. (2) September 30, 1931. 
Vaughan, Victor C. (1, 4) October 21, 1929. 
Vincent, S. (1) December 31, 1933. 


Von Briicke, Ernest T. (1) June 12, 1941, 
von Voit, C. (Ih) January 31, 1908. 

Wallace, Edward W. (3) July 11, 1943, 

Walton, D. C. (3) March 6, 1942. 

Warren, Joseph W. (1) December 20, 1916. 
Warthin, Aldred Scott (4) May 23, 1931. 
Webster, Leslie T. (4) July 12, 1943, 

Webster, Ralph W. (2) July 2, 1930. 

Weil, Richard (3, 6) November 19, 1917. 
Weiss, Soma (3) January 31, 1942. 

Welch, William H. (1, 4h) April 30, 1934. 

Wells, H. Gideon (2, 4, 6) April 26, 1943. 
Westbrook, Frank F. (1) October 21, 1918. 
Wherry, William Buchanan (4) November 1, 1936. 
Wiley, Harvey W. (2) June 30, 1930, 

Woelfel, A. (1) January 31, 1920. 

Wood, Horatio C. (1) January 3, 1920. 

Zinsser, Hans (4, 6) September 4, 1940. 
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